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Description 

BACKGROUND OF THE INVENTION 

s 1 Fie id of the Invention 

[0001 J The present invention relates to a nucleic add segment having a coding region segment encoding enzymat- 
ic-ally active Streptococcus equisimilis hyaiuronate synthase (seHAS). and to the use of this nucleic acid segment in 
thepreparat fr« t alls whit I aluronate synthase and its hyakiror ict. Hyaiuronate 

■ ;I > isaist kii - f aluronie acid or hyaluronan 

2. Brief Description of the Related Art. 

[0002] The incidence of strep) - a! nfections is 3 ma jor health and economic problem worldwide, particularly in 

J5 develupm - cne ie.sson for this is due to the ability of Streptococcal bacteria to grow undetected by the 

body's phagocytic cells, i e.. macrophages and polymorphonuclear cells (PMNst. These cells are responsible for rec- 
ognizing and engulfing foreign microorganisms. One effective way the bacteria evade surv* Hane . coating them- 
selves ithf f$a f c s. such as a hyaluronic acid (HA) capsule. The structure of HA is identical in both 
prokaryotessnd eukaryotes. Since HA is generally nonimmunogenta. the encapsulated bacteria do not elicit an immune 

2Q response and are, therefore, not targeted for destruction. Moreover, the capsule exerts an antiphagocytic effect on 
PMNs in vitro and prevents attachment of Streptococcus to macrophages. Precisely because of this, in Group A and 
Group C Streptococci, the HA capsules are major virulence factors in natural and expehri ei fc ! nff ctions Group A 
< « i Bible for numerous human diseases including pharyngitis, impetigo, deep tissue infections, 
rheumatic fever and a toxic shock-like syndrome The ble for osteomy- 

25 elitis, pharyngitis, brain abscesses, and pneumonia. 

[0003] Structurally, HA is a high molecular weight linear polysaccharide of repeating disaccharide units consisting 
ofN-acetylo netGlcN md glucuronic acid (GlcA). The numberof repeating disaccharktes in an HA moieeule 

can exceed 30,000, a M,>10 ? . HA is the only glycosaminogylcan synthesized by both mammalian and bacteria! cells 
particularly Groups A and C Streptococci and Type A Pastursiia multocida. These strains make HA which is secreted 

3<? into the medium as well as HA capsules The mechanism by which these bacteria synthesize HA is of broad interest 
medicinally since the production of the HA capsule is a very efficient and clever way that Streptococci use to evade 
surveillance by the immune system. 

[0004] HA is synthesized by mammalian and bacterial cells by the enzyme hyaiuronate i r 
localized to the plasma membrane. It is believed thatthe synthesis of HA in these organisms is a multi-step process. 

35 Initiation involves b i in retial precursor 1 IDP-GicNAe or UDP-GicA. This is followed by elongation which in- 
volves alternate addition of the two sugars to the. growing oligosaccharide chain. The growing polymer is extruded 
across the plasma membrane region of the cell and into the extracellular space. Although the HA bio synthetic system 
was one of the first membrane heteropolysacchari < tic pat > tudiee th< a is t i 

still not well understood. This may be because in vitro systems developed to date are inadequate in that de novo 

io biosynthesis of HA has not been accomplished. 

[0005] The direction of HA polymer growth is still a matter of disagreement among those of ordinary skill in the art. 
Addition of the monc sa eld hp to the reducing or nonreducing end of the growing HA chain. Furthermore, 

< ns remain concerning (I) whether nascent chains are linked covalently to a protein, to UDP or to a lipid inter- 
mediate, i led using a primer, and (iii) the mechanism by which the mature polymer is extruded 

*5 through the plasma membrane of the Streptococcus. Understanding the mechanism of HA biosynthesis may allow 
development of alternative strategies to control Streptococcal and PastureHa infections by interfering in the process 
PjO^] has . ir ] ally eve - 1 < I » ' } e t 

clinical applications, most notably and appropriat ly as an n i i + ptement and in eye surgery. The 
scientific lit* >< - <n a tran tion from the original perception that HA is j il\ [ ssive structural 

5S component in the matrix of a few connective tissues and in the capsule of certain strains of bacteria to a recognition 
thatthis ubiquitous macromotecule is dynamically involved in many biological processes: from modulating cell migration 
and differentiation during embryo-genesis to regulation of extracellular matrix organization and metabolism to important 
roles in the complex processes of metastasis, wound healing, and inflammation. Further, it is becoming clear that HA 
is highly metabolically active and that cells focus much attention on the processes of its synthesis and catabofism. For 

55 example, the half-life of HA in tissues ranges from 1 to 3 weeks in cartilage to <1 day in epidermis. 

[0007] it is now clear that a single protein utilizes both sugar subst i f hesize HA. 7 I deviation HAS, 
for the HA synthase, h spread support for designating this class of enzymes Markoyitz eta/ successfully 

s pyogenes and discovered the enzymes's membrane localization 
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and its requ . gai nucleotide precursors and M8 2 * Prehm found that elongating HA, made by B6 cells, 

lya fa « nedium and proposed that HAS resides at the plasma membrane. Philip- 

son and Schwartz also showed that HAS activity cofractionsted with plasma membrane markers in mouse oligoden- 
droglioma cells. 

s |0008] HAS assembles high M r HA that is simultaneously extruded through the membrane into the extracellular 
space (or to make the cell capsule in the case of bacteria) as glycosaminoglycan synthesis proceeds. This mode of 
biosynthesis is unique among macremolecules since nucleic, acids, proteins, and lipids are synthesized in the nucleus 
endoplasmic reticulum/Golgi, cytoplasm, or mitochondria. The extrusion of the g i % ig i I all intc th axtra - ul , 
space also allows for unconstrained polymer growth, thereby achie^ i the ia rge size of HA, whereas 

confinement of sym i G >tgi compartment could limit the overall amount or length of the 

polymers formed. H ns of HA within a confined lumen could also create a high viscosity environment 

that might be deleterious for other organelle functions. 

{Oj 9] i z id purify HAS f that ma* 

capsular coat of HA as well as from eukaryotic cells. Although the streptococcal and murine oligodendroglioma enzymes 

>s were successft tetg t vza and studied, efforts to purify an active HAS for further study or molecular dotting 

remained uns i f iecades Prehm and Mausolf used penodate-cxidized UDP-6lcA or UDP-OlcNAc to affinity 

label a protein of -52 kDa in streptococcal membranes that co-purified with HAS. This led to a report claiming that the 
Group C streptococcal HAS had been cloned, which was unfortunately erroneous. Th s lemonstrate 
expression of an active synthase and may have actually cloned a peptide transporter Triscott and van de Rijn used 

?<'-> digitonin to sofubilize HAS from streptococcal membranes in an active form. Van de Rijn and Drake selectively radi- 
olabeled three streptococcal membrane proteins of 42, 33, and 27 kDa with 5-azido-UDP-GlcA and suggested that the 
33-kDa protein was HAS As si n la 1 -fi HAS actually turned out to be the 42-kDa protein. 
[0010] Despite these efforts, progress in understanding the regulation and mechanisms of HA synthesis was essen- 
tially stalled, since there were no molecular probes for HAS rnRNA or HAS protein. A major breakthrough occurred In 

25 1993 when QeAngelis et a/, reported the molecular cloning and characterization of the Group A streptococcal gene 
encoding the protein HasA. This gene was known to be in part of an operon required for bacterial HA synthesis, although 
the function of this protein, which is now designated as spHAS (the S, pyogenes HAS), was unknown. spHAS was 

for HA elongation and was the first giyc 
cloned and then successfully expressed. The S. pyogenes HA synthesis operon encodes two other proteins. HasB is 

35 a UDP-glucose dehydrogenase, which is required to convert UDP-glucose to UDP-6tcA.- one of the substrates for HA 
synthesis. HasC is a UDP-glucose pyrophosphatase, which is required to convert glucose 1 -phosphate and UTP to 
UDP-giucose. Co-transfection of both hasA and hasB genes into either acapsular Streptococcus strains or Enteroccus 
faecaiis conferred them with the t t thesize HA and form a capsule. This provided the first strong evidence 
that HasA is an HA synthase. 

35 [0011] The elusive HA synthase gene was finally cloned by a transposon mutagenesis approach, in which an acap- 
sular mutant Group A strain was created containing a transposon interruption of the HA synthesis operon. Known 
sequences of the transposon allowed the region of the junction with streptococcal DNAto be identified and then cloned 
from wild-type cells. The encoded spHAS wasS-10% identical to a family of yeast chitm synl ses identical 
to the Xenopus iaevis protein DG42 (deveiopmentaily expressed during gastrulation), whose function was unknown 

« at the time. DeAngelis and Weigel exi t -ecombinant spHAS in Est n wed that this 

single purified gene product s> i igh M HA when incubated in vitro with UOP-GlcAand UDP-GlcNAc. thereby 
showing that > ycosyltrans sea ties required for HA synthesis are catalyzed by the same protein, as first 
proposed in 1 959. This set the stage for the almost simultane s i< tificati nn of eukaryotic HAS cDNAs in 1 @96 by 
four laboratories revealing that HAS is a multigene family encoding distinct isozymes. Two genes (HAS1 and HAS2) 

45 were quickly diso ered ir ?ar tals '■ 54) and a third gene w ^ ' t* discovered. A second streptococcal 

seHAS or Slrej co s « ^uisimilis hyaluronate synthase, has now been found and is the invention being claimed 
and disclosed herein, 

[0012] As indicated, we have also identified the authentic H/* tene from Grouf ->t , tusimms < 

HAS); the seHAS protein has a high level of identity (approximately 70 percent) to the spHAS enzyme. This identity. 
5S however, is interesting because the seHAS gene does not cross-hybridize to the spHAS gene. 

[0013] Membranes prepared from E. coti expressing recombinant seHAS synthesize HA when both substrates are 
provided The results confirm that t 

wrong. Unfortunately, several studies have employed antibody to this unchafacterized 52-kDa streptococcal protein to 
investigate v hat * a I /otic HAS 

55 [0014] Itano and Kimata used expression cloning in a mutant moose mammary carcinoma cell line, unable to syn- 
thesize HA, to c o na an HAS cDNA (mmHASI ) . St • live in HA synthesis fell 
into three separate classes that were complementary for HA synthesis in somatic cell fusion expert! nent j 
that at least three prok ii are req itred. Two of these classes maintained some HA synthetic activity, whereas one 
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showed none. The latter cell line was used in transient transfection expo >t ' * t ONA prepared from the parental 

entity ' tern that rest - tivity. Sequence anaty eated a ded t 

structure for a protein of -65 kDa with a predicted membrane topobo - f spHAS. mn 

identical to spHAc i i i j42 The same month this report appeared, three other groups submitted 

s papers describing cDNAs encoding what was initially thought to be the same mouse and human enzyme. However, 
through an extraordinary circumstance, each of the four laboratories had discovered a separate HAS isozyme in both 
species 

[0015] Using a similar functional cloning approach to that of itano and Kimata, Shyjan ef al. identified the human 
homolog of HAS 1. A mesente / i \ brary was used to transfect murine mucosal'!' lymphocytes that 

were then screened for their ability to adhere in a rosette assay. Adhesion of oi fectant I bited by antisera 

to CD44. a known cell surface HA-binding protein, and was abrogated directs b , t 

Thus, resetting by this transfectant required synthesis of HA. Cloning and sequencing of the responsible c.ONA '• itified 
hsHASI . Itano and Kimata also reported a human HASt cDNA isolated from a fetal brain library. The hsHASI cDNAs 
reported by the too groups, however, differ in iength; they encode a 578 or a 543 amino add protein. HAS activity has 

■ ; s only been demonstrated for the longer form. 

[0018] Based on the molecular identification of spHAS as an authentic HA synthase and regions of near identity 
among DG42, spHAS. and NodC (a [5-G!cNAc transferase nodulation factor in Rhizobiam). Spicer ef al. used a degen- 
erate RT-PCR approach to clone a mouse embryo cDNA encoding a second distinct enzyme, winch is designated 
mmHAS2. Transfection of mmHAS2 cDNA into COS cells directed de novo production of an HA cell coat detected by 

*'<'■> a partt'iy - p g strong evidence that the HAS2 protein can synthesize HA. Using a similar 

approach, Watanabe and Yamaguchi screened a human fetal brain cDNA library to identify hsHAS2. Fulop et al. in- 
dependently ) si! irst its U tify mmHAS2 in RNA isolated from ovarian curnu i cells a lively synthe- 
sizing HA, a critical process for normal cumulus oophorus expansion in the pre-ovulatory follicle. Cumulus cell-oocyte 
complexes were isolated from mice tint utiating an ovulatory cycle, before HA synthesis begins, and at 

25 later times when HA synthesis is just beginning (3 h) or already apparent (4 h). RT-PCR showed that HAS 2 mRNA 
was absent initially but expressed at high levels 3 -4 h later suggesting fl- 
irt this process. Both hsHAS2 are 552 amino acids in length and are 98% identical. mmHASI is 583 amino acids long 
an 95% identical to hsHASt , which is 578 amino acids long. 

[0017] Most recently Spicer ef si. used a PGR approach to identify a third HAS gene in mammals. The tnmHASS 
3<? protein is 554 amino acids long and 71 , 56, and 28% identical, respectively, to mmHASI , mmHAS2. DG42, and spHAS 
Spicer et al. have also localised the three human and mouse genes to three different chromosomes (HAS1 to hsChr 
19/mmChr 17; HAS2 to hsChr 8/mmChr 15; HAS3 to hsChr 18/mmChr 8). Localization of the three HAS genes on 
different chromosomes and the appearance of HA throughout the vertebrate class suggest that this gene family is 
ancient and that isozymes appeared by duplication early in the evolution of vertebrates. The high identity (-30%) 
35 between the bacterial and eukary otic HASsaiso suggests that the two had a common ancestral gene. Perhaps primitive 
bacteria usurped the HAS gene from an early vertebrate ancestor before the eukary otic gene products became larger 
and more complex. Alternatively, the bacteria could have obtained a larger vertebrate HAS gene and deleted regulatory 
sequences nonessential for enzyme activity. 

[0018] The discovery of X. feew's DG42 by Dawid and co-workers piayed a significant role in these recent develop- 
*? ments e t as not known to be an HA synthase. Nonetheless, that DG42 and spHAS were 30% 

f i n icni.icleotides that allowed identification of mamm liai ni 

evidence that DG42 is a bone fide HA synthase was reported only after the discoveries of the Mammalian isozymes. 

f mssed the recombinant protein in yeast fan organism that cannot synthesize HA) 

and showed that it synthesizes HA when isolated membranes are provided with the two substrates. Meyer and Kresl 
<5 also showed that iysates from cells transfected with cONA for DG42 synthesize elevated levels of HA, Now that its 
unction m ' i an therefore, be designated X1 HAS. 

[0019] There are common predicted structural features shared by all the HAS proteins, including a large central 
brane or membrane-associated domains at both the amino and carboxyl ends of 
the protein. The central domain, which comprises up to -88% of the predicted intracellular HAS protein sequences. 
SO probably contains the catalytic regions of the enzyme. This predicted central domain is 264 amino acids long in spHAS 
(83% of the total pm in - re lues long in the eukaryotic HAS me hers + . of the total protein). 

The exact number and orientation of membrane domains and the topological organization of extracellular and intrac- 
ellular loops have not yet been experimentally determined for any HAS. 

[0020] spHAS is a HAS fa has been purified a-~ 1 , . jsing spHAS/ 

55 alkaline phosphatase fusion proteins indicate that the N terminus. C terminus, and the large central domain of spHAS 
ifact i- tht elf ha < < -reasHASi, HAS2 , and HAS3 have 13, 14 and 14 Cys residues, 

pectiveh 1 tl j os in spHAS are conserved and identical in HAS1 and HAS2. Only one conserved 

Cys residue is fo it the n : osition (Cys-225 in spHAS) in all the HAS family members. This may be an essential 
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Cys whose modification b / self! < , sons partially inhibits enzyme activity. The possible presence of disulfide 
bonds or the > - i t <~ ys residues needed for any of Hie multiple HAS functions noted below has not 

yet been elucidated for any members of the HAS family. 

[0021] In addition, to the proposed unique mode of synthesis at the plasma membrane, the HAS enzyme family is 
s highly unusual in the large number of functions required for the overall polymerization of HA At least six discrete 
activities are present within the HAS enzyme: binding sites for each of the two different sugar nucleotide precursors 
(UOP-GlcNAc and UDP-GIcA), two different giycosyltransferase activities, one or more binding sites that anchor the 
growing HA polymer to the enzyme (perhaps related to a B-X -8 notif) ana;-; fe ©action that moves 

he growin aronesug Jteract icident with the stepwi l> 

through the membrane. All of these functions, and perhaps others as yet \ml i e pre sent in a relatively small 

protein ranging in size from -■' !9 (spHAS) to 568 (xHAS) amino acids. 

[0022] Although all the avail =3i - ■ i c< supports the conclusion that only the spHAS protein is required for HA 
t a te m or in vitro, it is possible that the larger eukaryotic c " t i w s are part of multicorn- 

ponent complexes. Since the eukaryotic HAS proteins are -40% larger than spHAS, their additional protein domains 
?s could be involved in more elaborate functions such as intraceitufar trafficking and local ' i 1 atj on of enzyme 
activity, and mediating interactions with other cellular components. 

[0023] The unexpected finding that there are multiple vertebrate HAS genes encoding different synt si 3 1 
supports the emerging consensus that HA is an important regulator of cell behavior and not simply a structural com- 
ponent in tissues. Thus., in less than six months, the field moved from one known, cloned HAS (spHAS) to recognition 
K f of a multigene famil s rapid numerous, and exciting future advances in our understanding of the synthesis 

and biology of HA. 

[0024] For >»d hereinafter are the sequences of the two HAS genes: fi foocfa; and 

(2) Paramecium bursars* chlorelia virus (PBCV-1) The presence of hyaluronan synthase in these two systems and 
the purification and use of the hyaluronan synthase trom these two different systems indicates an ability to purify and 
25 isolate nucleic acid sequences encoding enzyms ti . -.a act . s hyaluronan synthase in many different prokaryotic and 

[0025] Group C Streptococcus equisimii n 01 ntl ses and secretes hyaluronic acid (HA). Investigators 
have used this strain and Group A Streptococcus pyogene strains, such as S43 and At 11 , to study the biosynthesis 
of HA and to characterize the HA-synthesizing activity in terms of its divalent cation requirement, precursor (U 0 P-Gie- 

30 NAc and UDP-GIcA} utilization, and optimum pH. 

[002S] Traditionally, HA has been prepared commercially by isolation from either rooster combs or extracellular media 
I cultures. One method which has been developed for preparing HA is through the use of cultures 
of HA-producing Sttept a ba eria U.S. PatentNo. 4,51 7,295 describes such a procedure wherein HA-producing 
Streptococci are fermented under anaerobic conditions in 3 CCVenriched growth medium Under these conditions. 

35 HA is produced and can be extracted from the broth. It is generally felt that isolation of HA from rooster combs is 
t f ( 1 u s ' i * HA in a less pure state. The'advantage of isolation from rooster combs is 

that the HA produced is of higher molecular weight However, preparation of HA by bactei et • 1* tiort is easier, 
since the HA Is of higher purity to start with. Usually however, the molecular weight of HA produced in this way is 
smaller than that from rooster combs Therefore, a technique mat would allow the production of high molecular weight 
HA by bacterial fermentation would be an improvement over existing procedures, 

[0027] Hig > 1 > 1 veight HA has a wide variety of useful applications ang fi 1 f y< surgery. 

Due to its potential for high viscosity and its high biocompatibility, HA finds particular application in eye surgery as a 
replacement for vitreous fluid, HA has also been used to treat racehorses for traumatic arthritis by infra-articular injec- 
tions of HA, in shaving cream as a lubricant, and in 3 variety of cosmetic products due to its phy siochemical prope rties 

"5 ufhiqhvi^ i 1 ©tain moisture for long periods of time. In fact, in August of 1997 the U.S. Food and 

Drug Agency approved the use of high molecular weight HA in the treatment of severe arthritis through the injection 
of such high molecular weight HA directly into the affected joints. In general, the higher molecular weight HA that is 
employed th t 1 >■ ty increa es with the av r 1 

HA poiyme 1 I rtion. Unfortunately, very high molecular weight HA, such as that ranging up to 10\ 

SO has been difficult to obtain by currently available isolation procedures. 

[0028] To address these or other difficulties, there is a need for new methods and constructs that can be used to 
produce HA having one or more improved properties such as greater purity or ease of preparation. In particular, there 
is a need to develop methodology for the production of larger amounts of relatively high molecular weight and relatively 
pure HA ti is < ently cot liable we tar ler i to be able to dev« r rl < forth 

55 production of HA having a modified size distribution (HA l6feB ) as well as HA having a modified structure {HA 4m0i j). 
[0029] The preset n < rt I riant DN te hnology 

a purified nucleic acid segment having a coding region encoding enzymatically active seH AS is disclosed and claimed 
in ortjurtctii et > uce an enzymatically active HA syt e 1 ig the nucleic 
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acid segment in the preparation of recombinant cells which produce HAS and its hyaluronic acid product 

[0030] Thus, it is an c , ctofth - se tin ention to provide a purified nucleic I segment! s ding r« * 

encoding enzymatically active HAS. 

[0031] If is a further object of the present invention to provide a recombinant vectot Md in t - >unfted nucleic 
s acid segment ha i - encoding enzymatically active HAS. 

[0032] it is still a further object of the present invention to provide a recombinant host ceii transformed with a recom- 
binant vector which includes a purified nucleic acid segment having a coding region encoding enzymatically active HAS 
[0033] It is yet another object of the present invention to provide a method fot d< £ c <pres.se s> 

HAS. 

>'0 [0034] it is another object ofthe present invention to provide a method for pri 'i i< i jnd/orl noiecularweight 
hyaluronic acid from a hyaluronate synthase gene, such as seHAS, as well as methods for producing HA having a 
modified size distribution and/or a modified structure. 

[0035] These and other objects of the present invention will become apparent in light of the attached specification, 
claims, and drawings. 

fS 

BRIEF SUMMARY OF THE INVENTION 

[0038] The present invention involves the application of recombinant ON A technology to solving one or more prob- 
lems in the art of hyaluronic acid (HA) preparation. These problems are addressed through the isolation and use of a 
K' nucleic ac t enl saving a coding region encoding the enzymaticaliy *cf < trei coo tuisit s f&eHAS) 
hyaluronate synthase gene : a gene responsible for HA chain biosynthesis. The seHAS gene was cloned from DNA of 
an appropriate microbial source and engineered into useful recombinant constructs for the preparation of HA and for 
the preparation of large quantities of the HAS enzyme itself. 

[0037] The pit' et • novel gene. seHAS. The expression of this gene correiates with viru- 

25 fence of Sf/eptococca/ Group A and Group C strains, by providing a means of escaping phagocytosis and immune 
synthase", "hyaluronate synthase", "hyaluronan synthase" and "HA synthase", 
are used interchangeably to describe an enzyme that polymerizes a glycosaminoglycan polysaccharide chain com- 
posed of alternating glucuronic acid and N-acetylglueosamine sugars, £> 1 3 an 1 • 
scribes the HAS enzyme derived from Streptococcus equistmlis. 
30 [0038] The present in vention concerns the isolation and characterization of a hyaluronate or hyaluronic acid synthase 
gene, cONA, and gene product (HAS) , as may be used for the polymerization of glucuronic acid and N-acetyfgfu- 
cosamine into the glycosaminoglycan hyaluronic acid. The present invention identifies the seHAS locus and discloses 
the nucleic acid sequence which encodes for the enzymatically active seHAS gene from Streptococcus eqtiisimilis. 
The HAS gene also provides a new probe to assess the potential of bacterial sj ecimn nsto produce hyaluronic acid. 
35 [0039] Through the application of techniques and knowledge set forth herein, those of skill in the art will be able to 
obtain nucleic acid segments encoding the seHAS gene. As those of skill in the art will recognize, in light of the present 
disclosure, these advantages provide significant utility in being able to control the expression of the seHAS gene and 
control the nature of the seHAS gene product, the seHAS enzyme, that is produced. 

[0040] Accordingly, the invention is directed to the isolation of a purified nucleic acid segment which has a coding 
*? region encoding enzymatically active HAS, whether it be from prokaryotic or eukaryotic sources. This is possible be- 
cause the enzyme, and indeed the gene, is one found in both eukaryotes and some prokaryotes Eukaryotes are also 
known to produce HA and thus have HA synthase genes that can be employed in connection with the invention. 
[0041] HA iing nuclei acid segments of the present invention are defined as being isolated free of 

total chromosomal or genomic DNA such that they may be readily manipulated by recombinant DNA techniques Ac- 
«s cordingjy, as used herein - d nucleic acid segment" refers to a DN 

fated chromosomal or genomic DNA and retained in a state rendering it useful for the practice of recombinant tech- 
nique's, such as DMA in the form of a discrete isolated DNA fragment, or a vector (e g , plasrnid, phage or virus; 
incorporating such a fragment 

[0042] A preferred embodiment of the present invention is 3 purified nucleic acid segment having g coding region 
1 encoding if s ftive HAS. In particular, the purified nucleic acid segment encodes the seHAS of SEQ ID NO: 

2 or the purified nuclei . < ic segmi r t con pi ises 3 nucleotide sequence in accordance with SEQ ID NO:1 - 
[0043] Another embodiment of the present invention comprises a purified nucleic acid segment having a coding 
region enco HAS and the purified nucleic acid segment is capable of hybridizing to the nu- 

cleotide sequence of SEQ ID NO:1 . 
55 [0044] The present invention also comprises a natural or recombinant vector consisting of a plasmid, cosmid, phage, 
or virus vector. The il n n vector may also comprise a purified nuclei- i < gi u n hs zing a coding reoion 
encoding enzymatically active HAS. 

[0045] In particular, the purified nucleic acid segment encodes the seHAS of SEQ ID NO:2 or the purified nucleic 
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^ i i eottd • t ' < ~.. ' * H i ► i i \< t lasm 

it may further comprise an expression vector. The expression vector may also include a promoter operative!, 1 / linked 
to the enzyniaticafly active HAS coding region. 

[0046] in another preferred embodiment, the present invention comj r s nbinanth I hasaprokary- 

s otic cell tt re oombinant vector. The recombinant vector includes a pur - - segme nt h aving 

a coding region encoding enzymatically active HAS. in particular, the purified rut nantencodes the seHAS 

of SEQ ID NO:2 or the purified nucleic acid segment comprises 3 nucleotide sequence in accordance with SEQ ID NO:1 . 

[0047] The present invention also comprises a recombinant host celt such as an eukaryotic ceil transfectad with a 
i i t tor corn p ris i punfte eic a - inn i oodin i 1 i tic ac-ti 

*e HAS. In particular, the purified u i d segmc encodes the seHAS of SEQ ID NO:: i ht purified nucleic acid 

segment com i - iclecfide sequence in accordance with SEQ ID NO:1 . The concept is to create a speciftcaiiy 

modified seHAS gene that encodes an ri a / ' - tivs H/ jpable of producing a hyaluronic acid polymer ha ving 

a modified stru ibution. 

[0048] The present invention further comprises a recombinant host cell which is electroporated to Introduce a re- 
?s combinant vector into the recombinant host cell The recombinant vector may include a punfied nucleic acid segment 
ha mg a coding reg i / ill ^ti ? H-n in p-srticuiat the purified nucleic acid segment encodes 

th« t. " EQ ID NO. 2 or the purified nucleic acid segment comprises a nucleotide sequence in accordance with 
SEQ ID NO:1. The enzymatically active HAS may also be capable of producing a hyaluronic acid polymer having a 
modified structure or a modified size distribution, 
so [0049] In yet another preferred embodiment, the present invention comprises a recombinant host cell which is trans- 
duced with a recombinant vector which includes a purified nucleic acid segment having a coding region encoding 
enzymaticaliy active HAS. in particular, the purified nucleic acid segment encodes the seHAS of SEQ ID NO: 2 or the 
purified nucleic acid segment comprises a nucieoti Is < n accordance with SEQ ID NO: 1 . The enzymaticaliy 

active HAS is also capable of producing a hyaluronic acid polymer having a modified structure or a modified size 
as distribution. 

[0050] The present invention also comprises a purified composition, wherein the purified t pc r .> prises s 
polypeptide having a coding region encoding enzymaticaliy active HAS and further having an amino acid sequence in 
accordance with SEQ ID NO 2. 

[0051 ] In another embodiment, the invention comprises a method for. detecting a ON A species, comprising the steps 
30 of: (1) obtaining a DNA sample; (.2) contacting the ONA sample with a purified nucleic acid segment in accordance 
with SEQ ID NO: 1 : (3) hybridizing the ONA sample and the purified nucleic acid segment thereby forming a hybridized 
complex; and (4) detecting the complex. 

[0052] The present invention also comprises a method for detecting a bacterial celt that expresses mRNA encoding 
seHAS, comprising the steps of: (1 ) obtaining a bacterial cell sample; (2) contacting at least one nucleic acid from the 
35 bacteria! cell sample with purified nucleic acid segment > ID NO:1 : (3) hybridizing the at least 

one nucleic acid and the purified nucleic acid segment thereby forming a hybridized complex, and (4) detecting the 
hybridized complex, wherein the presence of the hybridized complex is indicative of a bacterial strain that expresses 
mRNA encoding seHAS. 

[0053] The present invention also comprises methods for detecting the presence of either seHAS or spHAS in a cell 
■w n Seq. ID Nos,: 3-8 as probes. These oligo- 

d a allow a practitioner to search and detect the presence of seHAS or spHAS in a cell, 
[0054] The present invention further comprises a method for producing hyaluronic acid, comprising the steps of; (1 ) 
trod j a fis iu leic acid segment having a coding region encoding enzymaticaliy active HAS into a host 
organism, wherein the host organism contains nucleic acid segments encoding enzymes which produce UDP-GlcNAc 
« and UI 1 in a medium to secrete hyaluronic acid; and (3) recovering the secreted 

hyaluronic acid. 
[0055] T 

the step of purifying the extracted hyaluronic, acid. Furthermore, the host organism may secrete a structurally modified 
hyaluronic acid or a size modified hyaluronic acid 

5S [0056] The present invention further comprises a phanrtaceutical composition comprising a preselected pharmaceu- 
tical drug and an effective amount of hyaluronic acid produced by a recombinant HAS. The pharmaceutical composition 
may have a hyaluronic acid having a modified molecular weight phar < eutical composition capable of evading an 
immune response. The modified molecular weight may also produce a pharmaceutical composition capable of targeting 
a specific tissue or cell type within the patient having an affinity for the modified molecular weight pharmaceutical 

55 composition. 

[0057] The piect- es a purified and isolated nuc e c enzymaticaliy 

active seHAS. where the nucleic acid sequence is (a) the nucleic acid sequence in accordance with SEQ ID NO:1; (b) 
complementary nuclei. I s ences to the nucleic acid sequence in accordance with SEQ ID NO, 1 :{c) nucfeic 
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/bridize to the nucleic add in accordance with SEQ. IDNO:1; and (d) nucleic acid sequences 
which !! t i leic acid sequences of SEQ ID NO:1 . 

[0058] The present invention further comprises a purified and isolated nucleic acid segment consisting essentiaiiy 
of a wucleic acid segment en d g n; / iticatty active HAS. 
s [0059] The present invention also comprises an isofated nucleic acid segment consisting - enti ly it a nucleic acid 
segment encoding seHAS having a nucleic acid segment sufficiency . -id segment in accord- 

ance of SEQ iO NO:1 to allow possession of the biological property of encoding for an enr - i t HAS The 

be a cONA sequence 

[0080] The present invention also comprises a purified nucleic acid segrnen t ng a < region encoding en- 
W zymatically active HAS, wherein the purified nucleic add segment is capable of hybridizing to the nucleotide sequence 
in accordance with SEQ ID NQ:1. 

BRIEF DESCRIPTION OF THE SEVERAL VIEWS OF THE DRAWINGS 

55 [0061] 

FiG. 1 depicts that cross hybridization between seHAS and spHAS genes does not occur. 
FIG. 2 figuratively depicts the relatedness of seHAS to the bacterial and eukaryotic HAS proteins, 
FIG. 3 figuratively depicts evolutionary relationships among some of the known hyaluronan synthases, 
so FIG. 4 depicts tine HA size distribution produced by various engineered Streptococcal HAS enzymes. 

FIG. S figuratively depicts the overexpression of recombinant seHAS and spHAS in E. colt 
FiG. 8 depicts purification of Streptococcal HA synthase. 

FiG. 7 depicts a gel filtration analysis of HA synthesized by recombinant streptococcal HAS expressed in yeast 
membranes. 

S3 FIG. 8 is a V\festern blot analysis of recombinant seHAS using specific antibodies. 

FiG. 9 is a kinetic analysis of the HA size distributions produced by recombinant seHAS and spHAS 

FIG, 10 graphically depicts the hydropathy plots for seHAS and predicted membrane associated regions. 

FIG. 11 is a graphical model for the topologic organization of seHAS in the membrane. 

FIG. 12 is a demonstration of the synthesis of authentic HA by the recombinant seHAS. 
so FIG. 13 depicts the recognition of nucleic acid sequences encoding seHAS, encoding spHAS, or encoding both 

seHAS and spHAS using specific oligonucleotides and PGR. 

FIG. 14 depicts oligonucleotides used for specific PCR hybridization. 

DETAILED DESCRIPTION OF THE INVENTION 

[0062] Before explaining at least one embodiment of the invention in detail, it is to be understood that the invention 
is not limited in its application to the details of construction and the arrangement of the components set forth in the 
following i The invention is capable of other embodiments o 

or carried but in various ways. Also, it is to be understood that the phraseology and terminology employed herein is 

40 for purpose of description and should not be regarded as limiting. 

[0003] As used herein, the term "nucleic acid segment" and "DNA segment" are used interchangeably and refer to 
a DNA molecule which has been isofated free of total genomic DNA of a particular species. Therefore, a "purified" DNA 
or nucleic acid segment as used herein, refers to a DNA segment which contains a Hyaluronate Synthase {"HAS") 
coding sequence yet is isolated away from, or purified free from, unrelated genomic ON A, for example, total Sirepta- 

«s coccus equistmilis or. for example, mammalian host genomic DNA. Included within the term "DNA segment", are DNA 
segments and smaller fragments of such segments, and also recombinant vectors, including, for example, plasmids, 
cosmids. phage, viruses, and the like 

[0084] Similarly, a DNA segt 1 ated or purified -©HAS gene refers to a DNA segment including 

HAS coding sequences isolated substantially away from other naturally occurring genes or protein encoding sequenc- 
es es. In this respect, the term "gene" is used for simplicity to referto a functional protein, polypeptide or peptide encoding 
unit As will t rst i by tl i ie art. 1 * ctional term includes genomic sequences. cDNA sequences or 
combinations there jf jt b f sway from other coding sequences" means that the gene of interest, in 

this case seHAS. forms the significant part of the coding region of the DNA segment, and that the DNA segment does 
not contain large portions of naturally-occurring coding DNA, -such as large chromosomal fragments or other functional 
55 genes or ONA coding regions. Of course, this refers to the DNA segment as ot < t s ted and does not exclude 
genes or < I to, or intentionally left in the segment by the hand of man. 

[0065] Due to certain advantages associated with the use of prokaryotic sources, one will likely realise the most 
advantages upon isolation of the HAS gene from prokaryotes such as S. pyogenes. S. equisimilis. or P. multocide. One 
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\_ yotic enzymes may require s gn ftcsnt p ns that can 

ii- i in a eul >i tii ttl tend to limit the applicability of any eukaryol H n e gene tha 
is obtained. Moreover, those of ordinary skill in the art will likely realise additional advantages in terms of time and ease 
of genetic manipulation where a pro ten tit , n -.ought to be employed. These additional advantages 
s include (a) the ease of isolation of a prokaryotic gene because of the i l, f the genome and, therefore, 

the reduced amount of screening of the corresponding genomic library and (b) the ease of manipulation because the 

- f -r - ngreg T j I- v 1 - " ttys I uetot bsen f intron ' on 
if the product of the seHAS gene (i.e.. the enzyme) require n a these would best be 

achte ed in a similar prokary - ironment (host) from which the gene was derived. 

{0066} Preferably. DNA se id-m^e yftb the present invention furthe 1 ud enetic control re- 

gions which i hi pressi f the sequence in a select* I ' >s oi « " l • nature of the control 

region employed will generally vary depending on 1 /isioned, 
[0067] in particular embodiments, th 

rating DNA sequences which encode a seHAS gene, that includes within its amino acid sequence an amino acid 
?s sequence in a rda 5E 3 1 ' 2. Moreover, in other particular embodiments, the invention concerns isolated 

DNA segments and recombinant vectors incorporating DNA sequences which encode 3 gene that includes within its 
amino acid sequence the amino acid sequence of an HAS gene or DNA, and in particular to an HAS gene or cDNA, 

pie. where the DNA segment or vector encodes a full le ngth 
HAS protein, or is intended foruse in expressing the HAS protein, preferred sequences are those which are essentially 
so assetforthinSEQ!DNO:2. 

[0068] Nucleic acid segments having HA synthase activity may be isolated by the methods described herein The 
term "a sequence essentially as set forth in SEQ ID NO:2" means that the sequence ->v . - spends to a 

portion of SEQ ID NO- 2 and has relatively few amino acids which are not identical to. or a biologically functional 
equivalent of, the amino acids of SEQ ID NO; 2 The term "biologically functional equivalent" is well understood in the 
2$ art and is further defined in detail herein, as a gene having a sequence essentially as set forth in SEQ ID NO:2, and 
that is associated with the ability of prokaryotes to produce HA or a hyaluronic acid coat 

fOOSSJ For instance, the seHAS and spHAS coding sequences are approximately 70% identical and rich in the bases 
adenine {A) and thymine <T). SeHAS base content is A-26.71%, C-19.13%, G-20.81%, and T-33.33% (AfT = 60%). 
Whereas spHAS is A-31 .34%, C-1 6.42%, G-1 6.34%. and T-35.8% (A/T = 67%). Those of ordinary skill in the art would 

30 be surprised that the seHAS coding sequence does not hybridize with the spHAS gene and vice versa, despite their 
being 70% identical. This unexpected inability to cross-hybridize could be due to short interruptions of mismatched 
bases throughout the open reading frames. The inability of spHAS and seHAS to cross-hybridize is shown in FIG. 1 . 
The longest stretch of identical nucleotides common to both the seHAS and the spHAS coding sequences is only 20 
nucleotides. In addition, the very A-T rich sequences will form less stable hybridization complexes than G-C rich se- 

35 quences Another possible explanation could be that there are several stretches of As or Ts in both sequences that 
could hybridize in a misaligned and unstable manner. This would put the seHAS and spHAS gene sequences out of 
frame with respect to each other, thereby decreasing the probability of productive hybridization. 
[0070] B ft liquet nomenaoftwo genes encoding pi t r t t tiny capable 

of cross-hybridizing to one another, it is beneficial to think of the claimed nucleic acid segment in terms of its function; 

*? 1 y g nuc k lent which encodes enzymatically active hyaluronate synthase. One of ordinary skill in the art 

would appreciate that a nucleic acid segment encoding enzymatically active hyaluronate synthase may contain con- 
served or semi-conserved substitutions to the sequences set forth in SEQ tD NOS: 1 and 2 and yet still be within the 
scope of the invention. 

[0071] In particular the art is replete with examples of practitioners ability to make structural changes to a nucleic 
«5 acid segment (i.e encoding conserved or semi-conserved amino acid t ti d st j serve its enzymatic or 

functional a r s l URisleretat Amino Acid Substitutions in Structurally Related Proteins. A Pattern 

Recognition Approach " J. Mot. Biol. 204.1019-1029 (1988) [".. according to the observed exchangeability of amino 
■ 1 groups could be delineat vit nut 1 and Met. (Hi) Lys. Arg, and Gin, and (tv) 

Hi ana ! [ Ni et r 1 + otetn Modeling md Sequence Alignment 

5S Derived from Main-Chain Folding Anoles " J. Mo!. Biol. 219:481-497 (1991) (similarity parameters allow amino acid 
substitute 1 a ingtonetat "Environment-Specific Amino Acid Substitution Tables: Tertiary 

Templates and Prediction of Protein Folds," Protein Science 1 216-226 IS f - talysis of the pattern of observed 
substitutions as a function of ioc< • mment shows * distinct Kerns ' Compatible changes can be 

55 {0072] These references and countless others, indicate that one of ordinary skill in the art, given a nucleic acid 
sequence, eould mate ibstife.it * is and changes to the nucleic acio - < t f ctionality. Also, 

a substituted nucleic acid segment may be. highly identical and retain its enzymatic activity with regard to its unadul- 
terated parent, and yet still fail to hybridize thereto. 
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[0073J The invention discloses nucleic acid segments encoding enzymaticaiiy i i rate synthase ■ seHAS 

and spHAS tt < fA$ and spHAS are 70% iderrticsi and both encode en > ti )ll> • '» hyak 5 rt syn 
thase, they do not cross hybridise. Thus, one of ordinary ski!! in the art would appreciate that substitutions can be made 
t ic acid segment sted in SEQ. ID NO: 1 Without deviating outside the scof an ! t\ 

invention. Standardized and accepted functionally equivalent amino acid substitutions are presented in Table i 



TABLE t 



Amino Acid Group 


Conser 1 stive a i - sstitutions 


NonPolarR Groups 


Alanine. Valine. Leucine. Isoleucine.. Proline. Methionine. Phenylalanine, 
Tryptophan 


Polar, but uncharged, R Groups 


Glycine. Serine, Threonine. Cysteine, Asparagine, Giutamine 


Negatively Charged R Groups 


Asparttc Acid. Glutamic Acid 


Positively Charged R Groups 


Lysine, Arginine. Histidine 



£0074] Another preferred embodiment of the present invention is a purified nucleic acid segment that encodes a 
protein in accordance with SEQ ID NO: 2, further defined as a recombinant vector. As used herein, the term "recom- 
binant vector" refers to a vector that has been modified to contains nucleic acid segment that encodes art HAS protein, 
or fragment thereof. The recombinant vector may be further defined as an expression vector comprising a promoter 
operatively linked to said HAS encoding nucleic acid segment. 

[0075] A further preferred embodiment of the present invention is a host cell, made recoml < t« cmbinant 

vector comprising an HAS gene. The preferred recombinant host cell may be a pro karyotic cell, in another embodiment, 
the recombinant host cell is a eukaryotic cell. As used herein, the term "engineered" or "recombinant" cell is intended 
to refer to a cell into which a recombinant gene, such as a gene encoding HAS. has been introduced. Therefore, 
neered c c i juishable from naturally occurring ceiis which do not contain a recombinantly introduced 

gene. Engineered cells are thus cells having a gene or genes introduced through the hand of man. Recombinantly 
1 i r be in the form of a cDNA gene, a copy of a genomic gene or wii d ; c ' - t ;it 1 < 

adjacent to a promoter not naturally asset , sted v. ith the particular introduced gene. 

[0078] Where one desires to use a host other than Streptococcus, as may be used to produce recombinant HA 
synthase, it may be advantageous to employ a prokaryotic system such as£. corf, B subiiiis, Lactococcus $p„ or even 
euka * , terns such as yeast or Chinese hamster ovary. African green monkey kidney ceils, VERO ceils, or the 
like. Of course, where this is undertaken it will generally be desirable to bring the HA synthase gene under the control 
of sequences which are functional in the selected alternative host. The appropriate DNA control sequences, as well 
as their construction and use. are generally well known in the art as discussed in more detail hereinbelow. 
[0077] In preferred embodiments, the HA synthase-encodmg DNA segments further include DNA sequences, known 
in the art, functionally as origins of replication or "replicons", which allow replication of contiguous sequences by the 
particular host Such origins allow the preparation of extrachromosomally localized, and replicating chimeric segments 
ir p!a ids hich HA synthase DNA sequences are iigated. In more preferred instances, the employed origin is 
one capable of replication in bacterial hosts suitable for bioteol r >tog app ^ ns However, for more versatility of 
i rr led DNA segments it ma / be desirable to alternatively or even additionally employ origins recognized by other host 
systems whose use is contemplated (such as in a shuttle vector > 

[0078] The isolation and use of other replication origins such as the SV40. polyoma or bovine papilloma virus c • ig - , s 
which may be employed for cloning or expression in a number of higher organisms, are well known to those of ordinary 
skill in the art. In certain embodiments, the invention may thus be defined in terms of a recombinant transformation 
vector which includes the HA synthase coding gene sequence together with an appropriate replication origin and under 
the control of selected control regions. 

[0070] Thus, it will be appreciated by those of skill in the art that other means may be used to obtain the HAS gene 
or cQHf> in jsure For example, polymerase chain reaction or RT-PCR produced DNA frag- 

ments may be obtained which contain full complements of genes or cDNAs from a number of sources, including other 
strains of Streptococcus or from eukaryotic sources, such as cDNA libraries. Virtually any molecular cloning approach 
may be employed for the generation of DNA fragments in ar i ant - th th enJ invention. Thus, the only limi- 
tation generally on the particular method employed for DNA isolation is that the isolated nucleic acids should encode 

cally fun I > A synthase 

[0080] Once the DN has been < i i i * - + r > t Virtually any cloning vector can 

be employed to realise advantages in accordance with the invention. Typical useful vectc clu asmids and 
phages for use in prokaryotic organisms and even viral vectors for use in euha' „ s , iples include 
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. 1 s i c ibiriBnt lambda SV40. polyoma, adenovirus, bovine ps pi lloroa virus and ratio ss H 

it is belie part - 1 timate - 1 ' 1 i i< o 

coccus or Bacillus strains and E co/.f are employed. 

[0081] Vectors i t emplif i by the pSA3 vector of Dao and Ferretti orthe pAT18 vector of Trieu-Cuot, 

s et al.. allow one to perform cional coiony selection in an easily rnanipu ts f < d by subsequent 

tra nsfer back into 3 food grade Lactococcus or Bacillus strain for production of HA, These are benign and well studied 
organisms used in the production of certain foods and biotechnology products Fhes - 5 antag us in that one 
can augment the I jc* a bility t esize HA through gene dasaging {i.e.. providing extra 

spies of the H t g J; i + > - | lofaddit I gem » i , tyoi 

10 precursors. The inherent ability of a bacterium to synthesize HA can also be augmented through the formation of extra 
copies, or amplification, of the plasmid that carries the HA synthase gene. Thi »unt tor up to a 

10-fold increase in plasmid .copy number and, therefore, the HA synthase gene copy number. 
[0082] Another proc ur * mid further augment HA synthase gene copy number is the insertion of multiple 
copies of the gene into the plasmid. Another technique would include integrating the HAS gene into chromosomal 

■;s DN^ Tin- > rtion ould be especially feasible, since the bacterial HA synthase gene size is small. In some 

scenarios, the chromosomal DNA-Kgated vector is employed to transfect the host that is selected for clonal screening 
purposes such as E. coti, through the use of a vector that is capable of expressing the inserted ONA in the chosen host 
[0083] Where a eukaryottc source such as dermal or synovial fibroblasts or rooster comb cells is employed, one will 
desire to proceed initially by preparing a cDNA library. This is carried out first by isolation of rrtRNA from the above 

?'-> cells, followed by preparation of double stranded eDNA using an en.. y verse ipta ctivity and ligation 

with the selected vector. Numerous possibilities are available and known in the art for the preparation of the double 
stranded cONA. and all such techniques are believed to be applicable. A preferred technique involves reverse tran- 
scription Once a population of double stranded cDNAs is obtained, a cDNA library is prepared in the selected host by 
accepted 1 > the appropriate vector and amplification in the appropriate host. Due to 

the high number of clones that are obtained, and the relative ease of screening large numbers of clones by the tech- 
niques set forth herein, one may desire to employ phage expression vectors, such asAgtlt. A.gt12. W3em11, and/or 
aZAP for the cloning and expression screening of cONA clones. % 

[0084] in certain other embodiments, the invention concerns isolated ONA segments and recombinant vectors that 
include within their sequence a nucleic acid sequence essentially as set forth in S£Q !D-NO:1, The term "essentially 

so as set forth in SEQ ID NO: 1 " is used in the same sense as described above and means that the nucleic acid sequence 
substantially corresponds to a portion of SEQ ID NO:1 , and has relatively few codons which are not identical, or func- 
tionally equivalent, to the codons of SEQ ID NO:1 . The term "functionally equivalent eodon" is used herein to refer to 
codons that encode the same amino acid, such as the six codons for arginine or serine, as set forth in Table I, and 
also refers to codons that encode biologically equivalent amino acids. 

35 [0085] It will also be understood that amino acid and nucleic acid sequences may include additional residues, such 
as additional N-orC-terminal amino acids or 5' or 3' nucleic acid sequences, and yetstiii be es serri ally as set form in 
one of the sc ienc< flu sed herein, so long as the sequence meets the criteria set forth above, including the 
maintenance of biological protein activity where protein expression and enzyme activity is concerned. The addition of 
terminal sequences particularly applies to nucleic acid sequences which may, for example, include various non-coding 

« sequence P * her of the 5' or 3' portions of the coding region or may include various inte rial sequences, which 
are known to occur within genes. In particular, the amino acid sequence of the HAS gene in eukaryot.es appears to be 
40% larger than that found in prokaryotes. 

[O08S3 Allowing for the degeneracy of the genetic code as well as conserved and semi-conserved substitutions, 
sequences which have between about 40% and about 80%; or more preferably, between about 80% and about 90%; 

45 or even more prefe t c t 3% and about 99%: of nucleotides which are identical to the nucleotides of 

SEQ ID NO:1 will be sequences which are "essentially as set forth in SEQ ID NO:1", Sequences which are essentially 
the same as those set forth in SEQ ID NO:1 may also be functionally defined as sequences which are capable of 
1 i - !' i i i i imo the complement of SEQ ID NO- 1 under standard or less stringent 

hybridizing conditions. Suitable standard hybridisation conditions will be well known to those of skill in the art and are 

5S clearly set forth herein. 

[0087]. The term si bridization condil - -tein is used to describe those conditions under which 

substantial!;, t nplementary nucleic aci i - i form standard Watson-Crick base-pairing. A number of factors 
are known that determine the sp ; ' f 'tiding or hybridization, such as pH, temperature, salt concentration, the 
presence of agents, such as forma mide and dime the length of the segrne e 1 yt ridiztng, and 

55 the like. When it is contemplated that shorter nucleic acid segments will be usedfor hybridisation, for example fragments 
between about 14 and about 100 nucleotides, saft and temperature 
1.2-1.8xHPBai 40-5Q s C. 

[0088J Naturally Hie present in sntion aiso encompasses-ONA segments which are complementary, or essentially 
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complementary, to the sequence set forth in SEQ iD NO:1 . Nucleic acid sequences which are "complementary" ff are 
those which are capable of base-pairing according to the standard yUateort-Criek complementarity rules As used herein, 
the term "complementary sequences* means nucleic acid sequences whi< tars ubstantial < miplementary, as may 
be assessed by the same nucleotide comparison set forth above, or as defined as being capable of hybridizing to the 
nucleic acid segment of SEQ ID NO:i 

The nucleic acid segments of the present invention, regardless of the length of the coding sequence itself, 
may be combined with other DNt iet such as promoters, polyadenylation signa i*< i stnction enzyme 
sites, multiple cloning sites, epitope tags, poly histidine regions, other coding segments, and the like, such that their 
overaii length may vary considerably. It is therefore contemplated that a nuek r « nt of almost any length 

may be employed, with the total length preferably being limited by the ease of preparation and use in the intended 
recombinant DNA protocol. 

[0090] Naturally, it will also be understood that this invention is not limited to the particular nucleic acid and amino 
acid sequences of SEQ ID NO: 1 and 2. Recombinant vectors and isolated DNA segments ft rev riousl> 
include the HAS coding regions themselves, coding regions bearing selected alterations or modifications in the basic 
fodinon- '* ode farg e i i c e AS-coding r< s or may encode 

biologically functional ec * ins r peptides which hsve variant amino acids sequences. 

£0091] For instance, we have found, characterized, and purified hyaluronate synthase in two other systems: (a) the 
gram-negative bacteria Pasturelle muitocida (SEQ ID NO:19); and (2) chloreiia rirus P8CV-1 (SEQ ID NQS:7 and 8). 
The presence of hyaluronan ynthase in these two systems and our ability to purify and use the hyaluronan synthase 
so from these two different systems indicates our ability to purify and isolate nucleic acid sequences encoding enzymat- 
ically active hyaluronan synthase. 

[0082] The capsule of Carter Type A P. muitocida (SEQ ID NO:19) was long suspected of containing hyaluronic 
acid-HA. characterization of the HA synthase of P muitocida led to interesting enzymological differences between it 
and the seHAS and spHAS proteins. 

?-5 [0093] P. muitocida cells produce a readily visible extracellular HA capsule, and since the two streptococcal HASs 
are membrane proteins, membrane preparations of the fowl cholera pathogen were tested In early trials, crude mem- 
brane fractions derived from ultrasonication alone possessed very low levels of UDP-GlcNAc-de pendent UDP-f-C] 
GlcA incorporation into HA[~0.2 pmol of GlcA transfer (jig of proteins)' 'h' 1 ] when assayed under conditions similar to 
those for measuring streptococcal HAS activity. The enzyme from E. coli with the recombinant hasA plasmid was also 

30 reca icitrant to isolation at first. These results were in contrast to the easily detecta ble a mounts obta ined from Strepto- 
coccus by similar methods. 

{0094] An alternative preparation protocol using ice-cold lysozyme treatment in the presence of protease inhibitors 
in conjunct I id the substantial recovery of HAS activity from bol ram-negative 

bacteria Sp« < iftc • ictk ties tor HAS of 5-10 pmol of GlcA transferred (tig of protein) "V 1 were routinely obtained for 

35 crude met bran <ik i ' ,J a with the new method. In the absence of UDP-GlcNAc. virtually no radio- 

activity (<1% of identical assay with both sugar precursors j from UDF in orporatect into higher molecular 

weight material. Membranes prepared from the acapsular mutant, TnA, possessed no detectable HAS activity when 
I with both sug t j 1 t /sis using 3 St hacrvl S-200 

column indicates that the molecular mass of the majority of the !4 C-l3beled product synthesized in vitro is >8 x 10 4 Ds 

40 since the material elutes in the void volumes, such a -value corresponds to a HA molecule composed of at least 400 
monomers. This product is sei ' of r vp? byaiuronidase digestion but resistant to protease treatment. 

[0095] The parameters of the HAS assay were varied to maximize incorporation of UDP-sugars into polysaccharide 
by P muitocida membranes. Streptococcal spHAS requires Mg 5 * and therefore this metal ion was included in the initial 
assays of P. muitocida membranes. The P. muitocida HAS (pmHAS) was relatively active from pH 6,5 to 8.6 in Tris- 

** typeUiftt ium atpH The HAS activity was linear with respect to the in ba tim« at neutral pH for 

at least 1 h. The pmHAS was apparently less active at higher ionic strengths because the addition of 100 niM IMaCI to 
the reaction cm* g *- J • i < \i V i ] < jar ii orpo ration by --50%. 

[0090] The metal ion specificity of the pmHAS was assessed at pH 7, Under metal-free conditions in the presence 
of EDTA. no incorporation of radiolabeled precursor into polysaccharide was detectable KQ.5Q of maximal signal) 

5S Mn 3 - gave the highest incorporation rates at the lowest ion concentrations for the tested metals (Wig, Kin, Co, Co, and 
Ni). Mg javeal i f i rtion but at 10-fold higher concentrations. Co 1 ' or H 7 ' at 10mM supported 

lower levels of activity (20% or 9%. respectively, of 1 mfvi Mn ;! * assays) , but membranes supplied with 10 mM Cue"* 
f ing 10 mM Cu and 20 mM 2 * Mg2* with the membrane preparation resulted in almost no 

incorporation of label into polysaccharide (<'0 8% of Mg only value) 

55 [0097] Initial characterization of the pmHAS was performed in the presence of Mg 2 *. The binding affinity of the en- 
zyme fo it - < pi <s assessed by measuring the apparent value. Incorporation of [ 14 C] 

t S i i nt » . i mde ms monitored at varied concentrations of UDP-GlcNAc or UDP-GIcA, respec- 
ely li i e apparent K^, values of -20 pM for UDP-GIcA and -75 uM for UDP-GlcNAc were 
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determined utilising Hanes-Woolf piofs ([Sj/v versus [S]) of the titration data The V„ !SCi values for both sugars were the 
same because the slopes, corresponding to lA/ rr ,. w . of the Hanes-Woolf plots were equivalent In comparison to results 
from assays with Mg 2 *, the K u value for UDP-Glc.NAc was increased by about 25-50% to -105 ;iM and the V ma v 
increased by a factor of 2-3-fold in the presence of Mm* . 

s [008B] The HA synthase enzymes from either P. multocida, S. equisrniiiis, or S. pyogei utilize IDP-sugars, but 
they possess somewhat different kinetic optima with respect to pH and metal ion dependence and K M values. The 
enzymes are most active at p H 7; however, the pmHAS reportedly displays — i and is 

retati -ely inac tjv s above pH 7.4 The pmHAS utilizes Mn 2 * more efficiently than Mg 2 ' under the in vitro assay conditions, 
but the identity >ftf ph - ,i e I (factor in the bacterial cell is unknown, in comparison, in previous studies 
with the * was much better than MvP* but the a !. s maximal at 

-10-fold lower concentrations than the optimal Mg 2 * concentration. The pmHAS apparently binds the UDP-sugars 
more tightly than spHAS. The measured K M values for the pmHAS in crude membranes are about 2-3-fold lower for 
i 1 ibst lan those obtained from the HAS found in streptococcal membranes: 50 or 38 uM for UDP-GfcA and 
500 or 150 nM for UDP-GlciMAc, respectively. 

js [0009] By kinetic analyses, the V.,,^ of the pmHAS was 2-3-fold higher in the presence of Mn 2 * than Mg 2 *. but the 
UOP~GicNAc Ki, aloe /as ease jhtt in assays with the former ion. This observation of apparent lowered 
affinity suggests that the increased polymerization rate was not due to better binding of the Mn 2 * ion/sugar nucleotide 
complex to the enzyme active site(s) Therefore, it is possible that Mn 2 * enhances some other reaction step, alters 
another site/structure of the enzyme, or modifies the phospholipid membrane environment. The gene sequence and 

so the protein sequence of pmHAS are shown in SEQ ID NO:19. 

{0100] Chloreiia virus PBCV-1 encodes a functional glycosyitransferase that can synthesize a polysaccharide, hy- 
aluronan [hyaluronic acid, HA] This finding is contrary to the general observation that v 1 . utilise host 

ases to create new carbohydrate structures, or (b) accumulate host cell glycoconjugates during 
virion maturation. Furthermore, HA has been generally regarded as restricted to animals and a few of their viruient 

25 bacteria! pathogens. Though many plant carbohydrates have been characterized, neither HA nor a related analog has 
previously been detected in ceils of plants or pro fists. 

[0101 J The vertebrate HAS enzymes (DG42. HAS ! . HAS2, HAS3) and streptococcal HasA enzymes (spHAS and 
seHAS) have several regions of sequence similarity. While sequencing the doublestranded DNA genome of virus PB- 
CV-1 [Paramecium bursaria chloreiia virus], en ORF [open reading frame]. A98R (Accession #442580), encoding a 
3<? 567 residue protein with 28 to 33% amino acid identity to the various HASs was discovered. This protein is designated 
cvHAS (chloreiia virus HA synthase). The gene sequence encoding PBCV-1 and its protein sequence are shown in 
SEQ ID NOS:? and 3. 

[0102] PBCV-1 is the prototype of a family (Phycodnarviridae) of large (175-180 ntn diameter) polyhedral, plaque- 
forming viruses that replicate in certain unicellular, eukaryotic chlorella-like green algae. PBCV-1 virions contain at 
35 least 50 different proteins and a lipid component located inside the outer glycoprotein capsid. The PBCV-1 genome is 
a linear, nonperrnuted 330-kb dsONA molecule with covalentiy closed hairpin ends. 

[0103] Based on its deduced amino acid sequence, the A98R gene product should be an integral membrane protein. 
To test this hypothesis, recombinant A9SR was produced in Escherichia coil and the membrane fraction was assayed 
for HAS activity, UDP-GicA and UOP-GlcNAc were incorporated into the polysaccharide by the membrane fraction 

*> derived flu i ells ontainingthe A98R gene ona plasmid, pCVHAS, {average s - i - tty 2 5 pinoles GlcA transfer/ 
smpies from control cells (<0.001 pmoles GlcA tt - Jo acttvH 

detected in the soluble fraction of cells transformed with pCVHAS. UOP-GlcAand UDP-GlcNAc were simultaneously 
re t red for polymerisation. The activity was optimal in HepesbufferatpH 7.2 in the presence of 10 mM MnCU. whereas 
no activity was detected if the metal ion was omitted Mg 2? and CO 2 * were -20% as effective as Mn 2 * at similar con- 

*> oentrations. The pmHAS has a simil - ( * - tirement but other HASs prefer Mg 2 *. 

[0104] The recombinant A98R enzyme synthesized a polysaccharide with an average molecular weight of 3-6x10 ? 
Da which is smaller than that of the HA synthesized by recombinant spHAS or DG42 xlHAS in vitro (--10 7 Da and 
-5-8x1 0 s Da. respectively, 13. 15) The polysaccharide was completely degraded by Sitvptomyces hyaluroniticus HA 
lyase, an enzyme that depoiymerizes HA, but not structurally related glycosaminogiycans i - 1 parin and cfton- 

5S droitin. 

[0105] PBCV-1 infected chlorel r { oP yene expression, A -1 t it le r Ue A98R tran- 

script appeared at -15 min post-infection and disappeared by 60 min after infect catin hat R is an early 
gene. Consequently, membrane fractions from uninfected and PBCV-1 infecte jet < rere assayed at 50 and 

90 min post-infection fo HA * ell bi ti fee Is, had activity Like the bacterially derived 

-< recombinant A98R enzyme, radiolabel incorporation from UDP- [ iA C] GlcA into polysaccharide depended on both Mn 2 * 
and UDP-GicNAc. This radioial • e was also degraded by HA lyase Dis t " l 3V-1 virions had no HAS 
activity. 

[0106] PBCV-1 infec <> ells were analysed for HA polysaccharide us il lecific 12S Habeled HA- 
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binding protein. Extracts from caffs st 50 and 90 min post-infection contained substantia [amounts of HA, but not extracts 
f t t • r disrupted PSCV rions. The lat ' i proti V • eoted 

cells at 50 and 90 min post-infscti but tt I Therefore, a considerable portion of the ne , ■" sized 

HA polysaccharide was immobilized at the outer cell surface of the inf 1 e eiiular HA does not play 

s any obvious role in the interaction between the virusand itsalga! host because neither plaque size nor plaque number 
was altered by including either testicular hyaluronidase (465 units/ml) or free HA polysaccharide (1 00 (.tg/mi) in the top 
agar of the PBCV-1 plaque assay. 

[0107] The PBCV-1 genome also has additional genes that encode for an UDP-GIc dehydrogenase (UDP-GIc DH) 
and a glut \ ~ msfera Ic DH converts UDP-GIc into UDP-GicA, a 

*e required precursor for HA biosynthesis. GFAT convert* f u ' I i - phate, an inter- 

I genes, like the A98R HAS. are expressed early 
in infection and encode enzymaticatty active proteins. The presence of multiple enzymes in the HA biosynthesis path- 
way indicates that HA production must serve an important tun ion in tt j the chlorelfa viruses. 
£0108] HAsynr ' orates, and PBCV-1 possess many motifs of 2 to 4 residues that occur 
in the same relative >rder Th 11 - tobably reflect domains crucial for HA biosynthesis as shown in 
FIG. 2. The protein sequences of Group C seHAS, Group A spHAS, murine HAS1 , HAS2, HAS3, and frog HAS are 
shown aligned in FIG. 2. The alignment of FIG. 2 was accomplished using the DNAsis multiple alignment program. 
Residues in seHAS identical in other known HAS family members (including human HAS1 and 2, not shown) are 
denoted by shading and asterisks. The amino acids indicated by dots are conserved in all members of the larger [3- 

*'<'■> glycosyl transferase family. The diamond symbol indicates the highly conserved cysteine tesidue that may be critical 
for enzyme activity. The approximate mid-points of predicted membrane domains MD1 through MD7 are indicated with 
arrows. X1 indicates Xeopus /sews, arid MM denotes Mus musculis. 

[0109] Regions of similarity between HASs and other enzymes that synthesize ft-linked polysaccharides from UDP- 
sugar precursors are also b n - tt equenced. Examples indude bacterial 

28 cellulose synthase, fungal and bacterial chitin synthases, and the various HASs. The significance of these similar 
stt I r j- < ill become more apparent as th« u ensionaf si * ^ < accumulate, 

£0110] FIG. 3 depicts the evolutionary relationships among the known hyaluronan synthase. The phylogenetic tree 
of FIG 3 » ,i ilgofHhm using the DNAsis multiple- alignment program. The calculated 

matching percentages are indicated at each branch of the dendrogram, 

30 [0111] The DNA segments of the present invention encompass biolcqudll i i t livalent HAS proteins and 
peptides. Such sequences may arise as a consequence of codon redundancy and functional equivalency which are 
known to occur naturally within nucleic acid sequences and the proteins thus encoded. Alternatively, functionally equiv- 
alent proteins or peptides may be created via the application of recombinant DNA technology, in which changes in the 
protein structure may be engineered, based on considerations of the properties of the amino acids being exchanged. 

35 Changes designed by man may be introduced through the application of site-directed mutagenesis techniques, e.g., 
to introduce improvements to the enzyme activity or to antigenicity of the HAS protein or to test HAS mutants in order 
to examine HA synthase activity at the molecular level. 

[0112] Also, specific changes to the HAS coding sequence can result in the production of HA having a modified size 
distribution or structural configuration. One of ordinary skill in the art would appreciate that the HAS coding sequence 

io can be manipulated in a manner to produce an altered hyaluronate synthase which in turn is capable of producing 
hyaluronic acid having differing polymer sizes and/or functional capabilities. For example, the HAS coding sequence 
may be altered in such a manner that the hyaluronate synthase has an altered sugar sue o that the 

hyaluronate syntt n tesa newhyaluronicacid-like polymer incorporating a different structure such as a previously 
unincorporated sugar or sugar derivative. This newly incorporated sugar could result in a modified hyaluronic acid 

«* having dif iff 1 lies a hyaluronic acid having a smaller or larger polj i z < :ufar weight or 

both. As will be appreciated by one of ordinary skill in tie art given the HAS coding sequences, changes and/or sub- 
stitutions can be made to the HAS coding sequence such that these desired property and/or size modifications can be 
accomplished. Table II lists sugar nucleotide specificity and magnesium ion requirement of recombinant seHAS. 

5t> 
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Sugar nucleotide spec 


ificity and Magnesium ion requirement n i inant seHAS 




HA Synthesis* 


Second Sugar nucleotide present 


UDP-f^C)GlcA dpm (%) 


UDP- pH] GlcNAcdpm (%) 


ftiM) 






■■■■^ 


90(2.1%) 


8(1.2%) 


UDP-GlcNAe (300) 


4134(100%) 




UDP-G!cAC120) 




835 (100%) 


UDP-Gic(ISG) 


81 (1.9%) 


10(1.5%) 


UDP-Ga!NAc(280) 


74(1.7%) 


19(2.9%) 


UBP-GalA(15Q) 


58(1,4%) 


19(2 9%) 


UDP-GicNAc+EDTA 


31 (0.7%) 




UDP-GIcA + EDTA 




22 (3.4%) 



fJsfc rfnii-secl as fJiscn'ae'; m «ie app^;:;.:." 



"IS!!;..:! 1 A) :JO?'- Old. U K:- A" fipm; W A/A pH]Gie!W\C Ax tO" 



[011 3J The term "modified structure" as used herein denotes a hyaluronic acid polymer containing a sugar or deriv- 
ative not normally found in the naturally occurring HA polysaccha ride. The term i i e distribution refer to the 
>ynth< iys uronic acid molecules of a size distribution not normally found with the native enzyme; the engi 
size could be much smaller or larger than normal. 

[0114] Various hyaluronic acid products of differing size have application in the areas of drug delivery and the gen- 
eration of an enzyme of altered structure can be combined with 3 hyaluronic acid of differing size. Applications in 
angiogenics and wound healing are potentially large if hyaluronic acid polymers of about 20 monosaccharides can 
be made in good quantities. Another particular application for small hyaluronic acid oligosaccharides is in 1frte stabili- 
zation of recombinant human proteins used for medical purposes. A major problem with such proteins is their clearance 
from the blood and a short biological half life, One present solution to this problem is to couple 3 small molecule shield 
that prevents the protein from being cleared from the circulation too rapidly. Very small molecular weight hyaluronic 
acid is well suited for this role and would be nonimmunogenic and biocompatible. Larger molecular weight hyaluronic 
acid attached to a drug or protein may be used to target the reticuloendothelial cell system which has endocya'c re- 
ceptors for hyaluronic acid. 

[01 1 5] One of ordinary skill in the art given this disclosure would appreciate that there are several ways in which the 
size distribution of tie hyaluronic acid polymer made by the hyaiuronate synthase could be regulated to give different 
sizes. First, the kinetic control of product size can be altered by decreasing temperature, decreasing time of enzyme 
action and by f« , reasing the concentration of one or both su cteot s t s I astng any oral! of these 
lower amounts and smaller sizes of hyaluronic add product The disadvantages of these approaches 
are that the yield of product will also be decreased and it may be difficult to achieve reproducibility from day to day or 
batch to batch. 

{0116J Secondly, the alteration of the intrinsic ability of the enzyme to synthesize a large hyaluronic acid product. 

to the pi in i be engi eered by recombinant DNA technology, including substitution, deletion and addition 
of specific amino acids (or even the introduction of prosthetic groups through metabolic processing). Such changes 
iu!t man intrinsically slower enzyme could then allow more reproducible control of hyaluronic acid size by kinetic 
means. The final hyaluronic acid size distribution is determined by certain characteristics of the enzyme, that rely on 
particular amino acids in the sequence Among the 20% of residues absolutely conserved between the streptococcal 
enzymes and the eukaryotic hyaiuronate synthases, there is a set of amino acids at unique positions that control or 
greatly influence the size of the hyaluronic acid polymer that the enzyme can make. Specific changes in any of these 
residues can produce a modified HAS that produces an HA product having a modified size distribution. Engineered 
changes to seHAS, spHAS, pmHAS. or cvHAS that decrease the intrinsic size of the hyaluronic acid that the enzyme 
can make before the hyaluronh a ' Bed will provide powerful means to produce hyaluronic acid product of 

smaller or potent targers I i <^ enzyme. 

{01 17] 

molecular weight hyaluronic acid. This practice, however, is very difficult to achieve reproducibility and one must me- 

a . onic acid to remove the hyakfronidase and unwar ■■ I I roducts. 
[01 18] As shown in FIG 4, hyaluronan synthase can be engineered to produce hyaluronic acid polymers of different 
srzf> mpartk I t , idtype enzyme The figure shows the tnbutton 0 -i mittior 



15 



EP 1 522 579 A2 



of Daitons, 3 measure of mo!'. - sr a series of spHAS enzymes, each of wh • eered by site 

;-cid change from the native enzyme. Each has a different Cysteine 
residue replaced with Alanine. The cluster of five curves with open symbols represent the following spHAS proteins 
wiidtype, C124A, C261A. C366A, and C402A. The filled circles represent the poorly express 5A protein which 

5 is only partially active. 

JP119J The filled triangles is the C280A spHAS protein, which is found to synthesize a much smaller range of HA 
polymers than the normal enzyme or the other variants shown. This reduction to practice shows that it is feasible to 
engineer the hyaluranate synthase enzyme to synthesize a desired range of HA product sizes. The seHAS, pmHAS, 
and cvHAS genes encoding hyaiuronate synthase can also be manij b> i f > esis to produce 

■W an range of HA product sizes. 

{0120] Stt tut y. rn dified hyaluronic acid is no different concepts ^' > 1 listrii ton of the hy- 

aluronic acid product by changing particular amino acids in the desired HAS or the spH AS f FUO 
in which the N-acety! group is missing UOP-GfcN or replaced with another chemically useful group, are expected to 
be particularly useful. The strong substrate specificity must rely on a | t of amino acids among the 20 -s 

that are t - 1 i jes to one or more of these residue eatesafi s i - at interacts less 

specifically with one or more of the substrates than the native enzyme. This altered enzyme could then utilize alternate 
natural or special s - ncorporate sugar derivatives designed to allow different chemistries to be em- 

ployed for the following purposes: (i) covalently coupling specific drugs, proteins, or toxins to the structurally modified 
hyaluronic acid for general or targeted drug delivery, radiological procedures, etc (») covalentiy cross linking the hy- 

?<'-> aluronic acid itself or to other supports to achieve a gel. or other tin >nger physical 

properties, and (iii). covalently linking hyaluronic acid to a surface to create a biocompatible film or monolayer. 
{0121] Bacteria can also be engineered to produce hyaluronic acid. For instance, we have created strains of 8. 
subtilis containing the spHAS gene, as well as the gene for one of the sugar nucleotide precursors. We chose this 
bacteria sir - it fre it enfiy used in the biofech industry for the production of products for human use. These bacteria 

20 were inter > - rst eneration prototypes forthe generation of a bacterium able to produce hyaluronic acid in larger 
amounts than presently available using a wild type nstt . strain >\- put in multiple copies of these genes 
{0122] For example, three Bacillus subtiiis strains were constructed to contain one or both of the Streptococcus 
pyogenes genes for hyaluronan synthase (spHAS) and UDP-glucose dehydrogenase, the results of which are shown 
in Table ll-B,, Based on a sensitive commercial radiometric assay to detect and quantitate HA, it was determined that 

30 the strain with both genes (strain #3} ma kes and secretes H A into the medium The pa rant stra in or tide strain with just 
the dehydrogenase gene (strain #1 ) does not make HA. Strain #2, which contains just the spHAS gene atone makes 
HA, but only 10% of what strain #3 makes. Agarose gel electrophoresis showed that the HA secreted into the medium 
by strain #3 is very high molecular weight. 



TABLE il-B 



Strain Number 


Cells 


Medium^) 


Strain with genes 


Cell density (Ag^) 


(ag HA per ml of culture) 


1 


0 


0 


hasB 


4.8 


2 






SpHAS 


3.9 


3 


=>10 




SpHAS + hasB 


3.2 



These experiments used the streptococcal promoters normally found with these genes to drive protein expression, it 
is expected that the construction of strains with the spHAS or seHAS reading frame under control of a B. subtilis 
i i jld even more superior results. The vector used i's a Gram positive/E. Coif shuttle vector that has a 
medium copy number in S. subtilis and a gene for erythromycin resistance (enabling insistence to 8 p.g/ml in 8 subtilis 
or 175 iig/m! in £'. coil) The B subtilis host strain used is 1A1 from BGSC, which has a tryptophan requirement but 
otherwise is wiidtype. and can sporulate. Cell growth and HA production was in Spizizens Minimal Media plus tryp- 
tophan., glucose, trace elements and erthromycin (8 ng/mi) . Growth was at 32 degrees Celsius with vigorous agitation 
until the medium was exhausted (-36 hours} 

£01 23] This demonstrates that these bioengineerett cells, which would not normally make hyaluronic acid, became 
t ent tc c o so when they are transformed with the spHAS gene. The seHAS 'would also be capable of being, 
introduced into a non-byaluronic acid producing bacteria to create a bioengineered bacteria! strain capable of producing 
hyalur >nic acid 

{01 24] A preferred embodiment of the present invention is a purified composition comprising a polypeptide having 
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an amino acid sequence in accordance with SEQ ID NO; 2. The term "purified" as used herein, is intended to refer to 
an HAS protein composition, wherein the HAS protein or appropriately modified HAS protein (e.g containing a {HISJ; 
tat!) is purified to any degree retat totally -trainable state, i.e.. in this case, relative to its purity within a 

i\sted from Streptococcus, Past 

s recombinant cells infect « s, isolated sobpopulafion of tissues that contain high levels of hyaluronate in the ex- 
tracellular matrix, and the like, as will be known to those of skill in the art. in light of the ere se si e For instance, 
the recombin i1 Hi oi spHAS protein makes up approximately 10% of the total membrane protein of £. coii. A 
purified HAS protein composition therefore aiso refers to a polypeptide having the amino acid sequence of SEQ iO 
NO:2. free from the environment in which it may naturally occur {FIG. 5). 

10 £0125J Turning to the expression of the seHAS gene whether from genomic DMA, or a cDNA. one may proceed to 
prepare an e * I - inant preparation of the HAS protein. The engineering of DNA segment 

(s) for expression in a prokaryotic or euka , - i say I performed by techniques generally known to those of 
skill in recombinant expression. 

[0126J HAS may be successfully expressed in eukaryotic expression systems, however, the inventors aver that bac- 
'JS teriaiexpress - mscan be usedforteepreparafionofHASforall purposes. It is believed that bacterial expression 
will ultimately have advantages over eukaryotic expression in terms of ease of use, cost of production, and quantity of 
materia! obtained thereby. 

[0127] The purification of streptococcal hyaluronan synthase {seHAS and spHAS) is shown in Table ill and FIG. 6. 
Fractions from various stages of the purification scheme were analysed by SDS-PAGE on a 12 5% gel, which was 
so then stained with Coomassie Brilliant Blue R-250. Lanes: molecular weight markets, 1 , whole E.coli membranes con- 
taining tee recombinant seHAS-H6;. 2, insoluble fraction after detergent solubilization of membranes; 3, detergent 
i b zi ' ;n 4. flow-through ftom the Mi-NTA chtomategraphy fesln; 5-8. five successive washes of the column 
(two column volumes each) ; 1 0, tee eiuted pure HA synthase which is a single band 

IS TABLE III 



Step 


Tote! Protein (ug) 


Specific Activity 
(mmol/ug/ hr. 


Total Activity (nmof 
UDP-G!cA) 


Yield (%) 


Purification (-fold) 


Membranes 


3690 


1.0 


3649 


100 


1.0 


Extract 


2128 


2.2 


4725 


129 


2.2 


Affinity Column 


39 I 13 


500 


14 


13,1 



jp-f2SJ ft is proposed that transformation of host cells with DNA segments encoding HAS will provide a convenient 
35 means for obtaining a HAS protein. It is aiso proposed that cDNA, genomic sequences, and combinations thereof, are 
suitable for eukaryotic expression, as the host, cell will, of course, process the genornu t ts to ) ield functional 

mRNA for translation into protein. 

[0129] Another embodiment of the present invention is a method of preparing a protein composit mpi 
growing a recombinant host cell comprising a vector that encodes a protein which includes an amino acid sequence 

_ :o i nee witt r1 Mly simila erved nserved amino acid changes. The 

host cell will be grown under conditions permitting nucleic acid expression and protein production foffovved by recover/ 
of the protein so produced. The production of HAS and ultimately HA, including the host ceii, conditions permitting 
< sssion protein production and recovery will be known to those of skill in tee art in light of the present 
disclosure of the seHAS gene, and the seHAS gene protein product HAS. and by the methods described herein. 

45 £0130] Preferred hosts forthe expression of hyaluronic acid are prokaryotes, suchasS. equtsimilis, and other suitable 
members of tee Sf-e, i < 1 pedes However, it is also known teat HA may be synthesized by heterologous host 
cells expressing recombinant HA synthase, such as species members of the Bacillus, Enterococcus. or even £s- 
i t s t fc expression of tee HA synthase of the present invention is a bacteria trans- 

formed with the HAS gene of the present invention, such as Lactococcus species, Bacillus subtilis or E coh, 

5$ {0131] It is similarly believed that almost any eukaryotic expression system may be utilized forthe expression of HAS 
e.g.. i i i jim 1 e b3sed, dihydrofolate reductase-based systems. SV-40 based, adenovi- 

rus-based i torn aiovi is based, yeast-based, and the like, could be employed. For expression in this manner, one 
would positto i t i fit to and under the contro ftheptotnoter.lt « • the ittthat 

to bring a coding sequence unc * t if such a promoter, one positions tee 5' end of the transc.r ti i 

~g site of the transcriptional reading frame of the protein between about 1 and about 50 nucleotides "downstream" of (i. 
e.,3'of,M iter. Aisc Sac c hi c -vces cevevisiae yeast « ms, such as pYES2, will 

also produce HAS under control of tee GAL promoter as shown in FIG. 7. FIG. 7 shows that the spHAS enzyme was 
'hepYES2p!asmid.WhensuppliedwiteUDP-Gk - - . 
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'i akes 1 -h t i I t - v { 

[0132] Wh eeukai I templateci, one will also typicaiiy desire to incorporate into the transcrip- 

tional unit which includes the HAS gene or DNA, an appropriate polya tenylat t 5 I 3') if one was 

r-ctcorv.:::- in ig oned segment. Typically, the poly A addition site is placed about 30 to 2000 nucte- 

s otides "downstream" of the termination site of th< > sin at a | n nor to transcription termination. 

{01 33J It is contemplated that virtually any of the commonly employed host cells can be used in connection with the 
expression of HAS in accordance herewith Examples of preferred cell lines for expressing HAS cDNA of the present 
invention include cell lines typically employed for eukaryotic expression such as 238, AfT-20, HepG2, VERO, HeLa, 
CHO.. W1 38, BHK, COS-'/*. RIM and MDCK ceil lines. This wit! generally include tr - t 3 a recombinant 

host be^ t t Of nt encoding the HAS enzyme anc i < j the enzyme cul 

turing the recomi sd itions I I tion of nt d HAS gene or cDNA 

and appropriate for the production of the h 
hyaluronic acid from the recombinant host. 

£0134J Generally, the conditions appropriate for expression of the cloned HAS gene or cDNA will depend upon the 
promoter, the vector, and the host system that is employed. For example, where one employs the lac promoter, one 
will desire to induce > at - through the inclusion of a material 1 ' > f . n such as iso- 

propyithiogalactoside. For example, the cloned seHAS gene of the prese t 1 * sexf ed as a HIS, containing 
protein in E. colt as shown in FIG. 5. Where other promoters are employed, different materials may be needed to induce 
or otherwise up-regulata transcription. 

so [0135] FIG. 5 depicti the overexpression of recombinant seHAS and spHAS in £". ooli. Membrane proteins (5mg per 
lane) were fractionated by SDS-PAGE using a 10% (w/v) get under reducing conditions. The gel was stained with 
i hot« graphed, scanned, and quantitated using a molecular dynamics personal densitometer 

(model PDSI PS0) . The position of HA synthase is marked by the arrow. Lane A is native spHAS (Group A) ; Lane C 
is native seHAS: Lane E is recombinant seHAS; Lane P is recombinant spHAS; Lane V is vector atone. Standards 

25 used were Bio-rad low Mr and shewn in kDa. 

[0136] In addition to obtaining expression of the synthase, one will preferably desire to provide an environment that 
is conducive to HA $ tng appropriate genes encoding enzymes needed for the biosynthesis of sugar 

otid i t j !th media containing substrates f i s , nes such as 

N-acstylglucosamine or glucosamine (GicNAc or GtcNH?) and glucose <Gic). 

30 [0137] One may further desire to incorporate the gene in a host which is defective in the enzyme hyaiuronidase, so 
that the product synthesized by the enzyme will not be degraded in the medium. Furthermore, a host would be chosen 
to optimize production of HA, For example, a suitable host would be one that produced large quantities of the sugar 
nucleotide precursors to support the HAS enzyme and allow it to produce large quantities of HA. Such a host may be 
found naturally or may be made by a variety of techniques including mutagenesis or recombinant DNA technology. 

35 The genes for the sugar nucleotide synthes rings i " mes particularly the UDP-Gle dehydrogenase required to produce 
UOP-GlcA, could also be isolated and incorporated in a vector along with the HAS gene or cDNA. A preferred embod- 
iment of the present invention is a host containing these ancillary recombinant gene or cDNAs and the amplification 
of these gene products thereby allowing for increased production of HA. 

[0138] The means employed for cuituring of the host cett is not believed to be particularly crucial. For useful details, 
*3 one may wish to i ■ ure of U.S. Pat. Nos. 4.517,295; 4,801 ,539; 4,784,990: or 4,780.41 4; all incorporated 

herein by reference. Where a prokaryotic host is employed, such as S equisimilis, one may desire to employ a fer- 
mentation of the bacteria under anaerobic conditions in CO , -enriched broth growth media This allows for a greater 
production of HA than under aerobic conditions. Another consideration is that Streptococcal cells grown anaerobically 
do not produce pyrogenic exotoxins. Appropriate growth conditions can be customized for other prokaryotic hosts, as 
45 win be known to those of skill in the art, in'tight of the present disclosure. 

£0139J Once the appropriate host has been constructed, and cultured under conditions appropriate for the production 
of HA, one will ' " eparat ie HA so produced Typically, the HA will br> secreted or othe . shed b>, the 
recombinant ng the ready isolation of HA from the media by known tech- 

niques Fo t i , i from the cells and debit by fitterin nd ibina 1 ith separation 

5S from the media by precipitation by alcohols such as ethanol. Other precipitation agents include organic solvents such 
as acetone or quatern i sni > >m salts such as cetyl pyridinium chloride (CPC) . 

{0140] A i f eolation of HA is described in U.S Pat. No |,51 AC and hich is incorporated 

:d, ts added to the bacterial suspension at 
the end of th i < i v - - - l * > Mates the ease 

»S of sepa rating these cells and associated de bris from HA, the desired, product. The clarified supernatant is concentrated 
anddiaUj-p) c - low molecular weight contaminants induding the organic acid. The aforementioned procedure 
rtili -es filtration through filter cassettes containing 0.22 jim pore size fitters. Oiafiltration is continued until the conduc- 
tivity of the solution . 0 5 mega-ohms. 
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[0141] The content! st j I ec d by adding an excess of reagent gi t ji 

and the precipitated HA is then dried by washing with ethanol and vac i i t slcohol. The 

HA can then be redissoived in 3 borate buffer, pH 8, and precipitated with CPC or certain other organic ammonium 
salts such as CETAB, a mixed trimethy! ammonium bromide solution at 4 deg ■ c pitated HA is 

s recovered by coarse filtration, resuspended in 1 M NaCI. diafiitered and concentrated as further described in the above 
referenced patent. The resultant HA is filter sterilized and ready to be converted to an iry powder or 

steriie solution, depending on the desired end use. 

A. Typical Genetic. Engineering Methods Which May Be Employed 

10 

{0142] If cells without formidable ceil me brane barrier e ed t cells nsf in is earned out by the 

calcium phosphate precipitation method, well known to those of skill in the art However, other methods may also be 
used for introducing DMA into cells such as by nuclear injection, cationic lipids, electropora - ' * fusion oi by 
the Biolisti i £ 3 it sle delivery system developed by DuPont (1389). The advantage of using the DuPont system 
is a high transformation efficiency. If prokaryotic cells or cells which i >ntam subst < -ii instructions are used, 
the preferred method of transaction is calcium treatment using calcium chloride to induce competence or electropo- 
ratbn. 

[0143] Constructionofsuitablevectorscontain!ngthedesiredcodingandcontrolsequencesemph\ i | a 

techniques. Isolated plasmids or DNA fragments are cleaved, tailored, and reiigated in the form desired to construct 
K ! the; plasm equ eavag is performed by treating with restr - enzymes) ir suitable buffer. In 

general, about 1 ag plasmid or DNA fragments are used with about 1 unit of enzyme in about 20 jil of buffer solution. 
Appropriate buffers and substrate amounts for particular restriction enzymes are specified by the manufacturer. Incu- 
bation times of about 1 hour at 37'' C are workable 

{0144] After incubations, protein is removed by extraction with phenol and chloroform, and the nucleic acid is recov- 
2$ ered from the aqueous fraction by precipitation with ethanof. if blunt ends are required, the preparation is treated for 
15 minutes at 15° C with 10 units of Polymerase i (Kienow), phenol-chloroform extracted, and ethanol precipitated 
For ligation approximately equimoiar amounts of the desired components, suitably end tailored to provide correct 

' otjt10unitsT4DNAIigaseper0.5.ug DNA.When^ i 
it may be useful to prevent religation of the cleaved vector by pretreatment with bacterial alkaline phosphatase. 
30 [0145] For analysts to confirm functional sequences in plasmids constructed, the first step was to amplify the plasmid 
DNA by cloning into specifically competent E. colt SURE cells (Stratagene) by doing transformation at 30-32' C. Second, 
the recombinant plasmid is used to transform E. coli K.5 strain Bi8337-41 , which can produce the UDP-GIcA precursor, 
and successful transformarrts selected by antibiotic resistance as appropriate. Plasmids from the library of transform- 
ants are then screened for bacterial colonies that exhibit HA production. These colonies are picked, amplified and the 
35 plasmids purified and analyzed by restriction mapping. The plasmids showing indications of a functional HAS gene 
are then further characterized by any number of sequence analysis techniques which are known by those of ordinary 
skill in the art. 

8. Source and Host Cell Cultures and Vectors 

40 

{0148] In general, prokaryotes were used for the initial cloning of DNA sequences and construction of the vectors 
useful in the invention. It is believed that a suitable source ma> be Gran < art those derived from 

the Group C Streptococcal strains. Bacteria with a single membrane, but a thick cell wall such as Staphylococci and 
Streptococci are Gram-positive. Gram-negative bacteria such as E. coli contain two discrete membranes rather than 
« one surrounding the cell. Gram -negative organisms tend to have thinner cell wails Hie single membrane of the Gram- 
positive organisms is analogous to the inner plasma membrane of Gram-negative bacteria. The preferred host cells 
are Streptococcus strains that are mutated to become hyalurontdase negative oi othei e inhit ' >EF 144019 
EP26657S, H l| j Streptococcus strains that have been particularly useful include S eqwsimilis and S zooep- 
idemtcus. 

5S [0147] Prokaryotes may also be used for expression. For the expression of HA synthase in a form most likely to 
accommodate high molecular weight HA synthesis, one may desire to employ re t » ~, cie such as S. eg- 
The aforementioned strains, as well as £ coli W3110 (F-, lambda-, prototrophic, ATCC 
r £ 1 errs, could be utilized 

to generate a "super" HAS containing host 
55 [014S] In general, plasmid c ining origins of replication and control sequences which are derived from 

species compatible with the host ceil are used in connection with these hosts. The vector ordinarily carries an origin 
of replication, as well as marking sequences which are capable of providing phe n in transformed cells 

For example, E, co//istypica r - med using p8R322,a plasmid derived fron £ pedes. p8R3 ■> 
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genes for ampioiliin and tetracyc ' < tance 2nd thus provides easy means for identifying transformed ceils. ApBR 
piastriid of a pUC plasmid, of other microbial plasmid or phage must also contain, or be modified to contain, promoters 
which can be used by the microbial organism for expression of its own proteins. 

[0148] Those promoters nost commonl used in recombinant DHA -< • include the lacZ promoter, fac pro- 

s motor, the T7 bacteriophage promoter, and tryptophan (trp) promoter system. White these are the most: commonly 
used, other microbial promoters have been discovered ami utilized, and details co ningtl nucleotide sequences 
have been published, enabling a skilled worker to ligare thern functionally with plasmid vectors. Also for use with the 
present invention one may utilize integration vectors 

[0150] in addition to prokaryotes. eukaryottc microbes, such as yeast cultures may also be used. Ssccheromyces 
cerevtsfee. or common b3k« east is the most commonly used among eukat i nsms. although a number 

of other strains are commonly available. For expres c " 1 > • , % the plasmid YRp7. for example, is com- 
monly used. This plasmid alread trp1 gene which provides a selection marker for a mutant strain of yeast 
lacking the ability to grow without tryptophan, for example, ATCC No. 44076 or PEP4-1 . The presence of the trpl lesion 
as a chai < sst host cell genome then provides an effective environment for detecting transformation 
by growth in the ab motors for the 
galactose utilization genes, the 3-phosphogiycerate kinase or other glycolytic enzymes, such as enolase, glyceraide- 
hyde-3-phosphate dehydrogenase, hexokinase. pyruvate decarboxylase, phosphofructokinase, glucose-6-phosphate 
isomerase. 3-phosphoglycerate mutase, pyruvate kinase, triosephosphate isomerase. phosphoglucose isomerase, 
and gluco kinase. 

w [0151] In constructing swta - - press < ■ sn is the termination sequences associated with these genes are 
also ligated into the expression vector 3' of the sequence desired to be expressed to provide polyadenylation of the 
mRNA and termination. Other promoters, which have the additional advantage of transcr pt i n tod by growth 
conditions are the promoter region for alcohol dehydrogenase 2, cytochrome C, acid phosphatase, degradative en- 
zymes associated with nitrogen metabolism, and the aforementioned g!ycera!dehyde~3~phosphate dehydrogenase. 

2$ and enzymes responsible for maltose and galactose utilization. Any plasmid vector containing a yeast-compatible 
promoter, origin of replication and termination sequences is suitable. 

[01 52} In addition to microorganisms, cultures of cells derived from multicellular organisms may also be used as 
hosts. In pnncif ttirei th r from vertebrate or m\ I V 

has been greatest in vertebrate cells, and propagation of vertebrate cells in culture has become a routine procedure 
30 in recent years Examples of such useful host cell lines are VERO and HeU cells, Chinese hamster ovary (CHO) cell 
tines, and WI38, BHK, COS, and MDCK cell lines. 

[0153J For use in mammalian cells, the control functions on the expression vectors are often provided by. viral ma- 
terial. For example, commonly used promoters are derived from polyoma, Adenovirus 2, bovine papilloma virus and 
most frequently Simian Virus 40 (SV40). The early and late promoters of SV40 virus are particularly useful because 
35 both are obtained easily from the virus as a fragment which also contains the SV40 viral origin of replication. Smaller 
or larger SV40 fragments may also be used, provided there is included the approximately 250 bp sequence extending 
from the Hind Hi site toward th^ Bgi I srte he viral origin of replication. 

[0154] Further, it is also possible, and often desirable, to utilize promoter or conf s< » n tt social 
with the desired gene sequence, provided such control sequences are compatible with the host cell systems. An origin 
*? of replication may be provided either by construction of the vector to include an exogenous origin, such as may be 
derived from ..- /40 v othei vital (e.g.. Polyoma, Adeno, BPV) source, or may be provided by the host cell chromosomal 
replication mechanism. If the vector is integrated into the host cell chromosome, the latter mechanism is often sufficient. 

C. Isolation of a bona fide HA synthase gene from a highly encapsulated strain of Group C Streptococcus equisimilis. 

45 

[0155] The encoded protein, designated seHAS, is 417 amino acids {calculated molecular weight of 47,778 and pi 
of 9.1) and is the smallest member of the HAS family identified thus far (FIG. 2) seHAS also migrates anomalously 
fast in SOS-PAGE (M,-42 kDa) (FIGS. 5 and 8). 

0156] a g r a p hi ca I re pre se n tern 81 ecombinanl r antjbod 

5S Group C (C: lane 1 ) or Group A (A; lane 4} Streptococcal membranes and E. coli membranes (9 mg/lane) containing 
recombinai H z mes2 7 and 3) oi §} H<\ e iP lanes 3 o c and 10 ere fractionated by reducing SOS-PAGE 
and electro-transferred to nitrocellulose. Strips of nitrocellulose were probed and developed as described in the appli- 
cation using purified IgG fractions raised to the following regions of spHAS: central domain peptide £' ! -' :; oyiia (lanes 
1-4); C-terminus peptide (lanes 5-6) ; the complete protein (lanes 7 and 8) ; recombinant central domain (lanes 9 and 
55 10). Nonimmune IgG or membranes from cells transformed with vector alone gave no staining as in lane 5 

[0157] The seHAS i IAS prot > tentified in U.S Serial Nc 08/899,5 i sequences are 

72% identical. The deduced protein sequence of seHAS was confirmed by reactivity with a synthetic peptide antibody 
(FIG. 8) . Recombinant seHAS expressed in E. colt was recovered in membranes as a major protein (FIG. 5} and 
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synthesized \ ei , > r „» ic let .i-r .-< ght HA in the presence of UDP-GlcNAc and (JDP-GIcA in vitro (FIG. 9). 
[0158] Fka swsa * nalys fl HA size distiibutSonspfoduced by seHAS and spHAS. £. co# membranes 
containing equal amounts of seHAS or spHAS protein were incubated at 37 -C with 1 .35 mM UOP- [ 14 C] GIcA (1 .3 x 
1 0 : - dpm/nmo!) and 3.0 rr»M UDP-GlcNAc as described in the application. These ■< ' is are greater 

than 1 5 times the respective Km valves. Samples taken at 0 5, 1.0, and 60 min were treated with SDSand chromato- 
graphed over Sephacry! S400 HP. The HA profiles in the fractionation range of the column i ctiorts 2-24) are nor- 
malised to the percent of totai HA in each fraction. The values above the arrows in the top panel are the MWs (in 
i * M of HA determined dm At epar >:p mnt using a Dawn muftta ' ! a i a instrument 
t ' >• > *'• IAS (O.Cl_) at 0 min 

(O.*) , 1 .0 min(Q Wty and 60 min are shown as indicated. Analysis showed that seHAS and spHAS are essentially 
identical in the size distribution of HA chains they synthesize (FIG. 9). SeHAS is twice as fast as spHAS in its ability 
to make HA. 

C.1 Bacteria) strains and vectors 

[015S] The mucoid group C strain 0181; (Streptococcus aquisimilis) was obtained from the Rockfelfer University 
Coffection. The E. call host strains Sure and XL1-Biue MRP were from Stratagene and strain Top10 f was from 
Invitrogen. Unless otherwise noted, Streptococci were grown in THY and E. coli strains were grown in LB medium. 
pKK-223 Expression vector was from Pharmacia, PCR 2.1 cloning vector was from Invitrogen. end predigeated >, Zap 
Express TM Bam HI/CIAP Vector was from Stratagene. 

C.2 Recombinant ONA and Cloning 

{0160J High mobcni i . Senomi DNA from Streptococcus equisimilis isolated by the method of Caparon and 
Scott (as known by those with ordinary skill in the art) was partially digested with Sau3A1 to an average size of 2-12 
kb. The digested DNA was precipitated with ethanol. washed and ligated to the Bam HI/CIAP?, Zap Express vector 
Ligated DNA was packaged into phage with a Packagene Tf * s extract obtained from Promega. The titer of the packaged 
phage library was checked usii a XL 1 -Blue MRF' E. coli as a host. 

C.3 Degenerate PCR Amplification 

{01S1J Degenerate oligonucleotides were designed based upon conserved sequences among spHAS (,$treptococ~ 
cu&pyogems} , DG42(Xe«opi/s/aeWsHAS; 13)and node (a Rbizobiun m n < uiation factor, 20) and were used 
for PCR amplification with D181 genomic DNA as a template. Amplification conditions were 34 cycles at 94X for 1 
min, 44" C for 1 min, 72"C for 1 .5 min followed by a final extension at72*C for 10 min. Oligonucleotide HADRF1 . 5 -GAY 
MGA YRT YTX ACX AAT TAY OCT ATH GAY TTR GG-3' (SEQ ID NO:20; sense strand) corresponds to the sequence 
Q 2K, R CLTNYAI DL (SEQ ID NO:9; spHAS). Oligonucleotide HACTR1. 5-ACG WGT WCC CCA NTC XGY ATT TTT 
NAD XGT RCA-3' {SEQ ID NO 21, antisense strand) corresponds to the region C«*TIKNTEWGTR (SEQ ID NO:10; 

The degeneracy of bases at some positions are represented by nomenclature adopted by the IUPAC in its 
codesfoi de * - 1 >te Table (V. 
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TABLE IV 

ItJPAC Codes - Degenerate Bases 

The International Union for Pure and Applied Chemistry 
(IUPAC) has established a standard single-letter designation 
for degenerate bases. These are: 



B 




C+G+T 


D 




A+G+T 


H 




A+C+T 


K 




T+G 


M. 




A+C 


N 




A+C+6+T 


R 




A+G 


S 




G+C 


w 




A+T 






A+C+G 


X 




a minor bases {specified elsewhere 


Y 




C+T 



25 These two oligonucleotides gave a 459 bp PGR product, which was separated on an agarose gel and purified using 
the 810-1 01 Geneclean kit. This fragment was then cloned into PCR2 1 vector using TOP 10 F' cells ss a host according 
tothe manuf- 4 i<.,^< d : r Double st j icted plasmid DNA was purified from E. coll (Top 1 0 F') using the Qi Aft tor 
Plasmid Midi Kit (Qiagen): Two other degenerate sense primers were also synthesized: HAVAF1, 5'-GTN OCT QCT 
GTVV RTX CCW WSX TWT AAY GAR GA-3' (SEQ ID NO;22, corresponding to. the region V^AAVIPSYNE (SEQ ID 

30 NO:11 ) of spHAS) and HAVDF1, 5"-GTX RWT GAY GGN WSX VVSN RAX GAT GAX GC-3' (SEQ ID NO: 23, based 
on V 100 DDGS5:NTD (SEQ ID NO: 12) of spHAS). Two unique antisense primers were synthesized based on the se- 
quence of the 459 bp PGR product These were: 0181,2, 5'-GAA GGA CTT GTT CCA GCG GT-3' (SEQ ID NO 13} 
and D181.4, 5'-TGA ATG TTC CGA CAC AGG GC-3' (SEQ ID NO:-14). Each of the two degenerate sense primers, 
when used with either D181.2 or D181.4 to amplify D181 genomic DNA. gave expected size PGR products, The four 

35 PGR products were cloned and sequenced using the same strategy as above. For each PCR product, sequences 
obtained from six different clones were compared in order to derive a consensus sequence. Thus we obtained a 1042 
bp sequence with a continuous ORF with high homology to spHAS 

C.4 Library Screening 

40 

[0162] Two molecular probes were used to screen the library; the cloned 459 bp PCR product and oligonucleotide 
D181.S (5-GCTTGATA6GTCAC C AGTGTC ACG-3' (SEQ ID NO: 1 5) ; derived from the 1 042 bp sequence). The 459 
bp PGR prod t j ^ labeled using the Prime-ft 11 random primer labeling Kit (Stratagene) according to the man- 
ufacturers instructions. Oligonucleotides were labeled by Kinace-lt Kinasing Kit (Stratagene) using p^PJATP. Radiola- 

*5 beled pr s nonlabeled material on NucTrap P. trai sgene). The oligoprobe 

hybridized specifically with a D181 genomic digest on Southern blots. To screen the h phage library, XLBLUE MRP' 
was used as a host (3000 plaques/plate) on Nitrocellulose membranes containing adsorbed phage, were prehybndized 
at60 : C and hybridized with S'-end labeled oligonucleotide. D181 5. in QuikHyb Hybridization solution (Stratagems) at 
80 'C according to instructions. 

50 £01S3J The membranes were then washed with 2 x SSC buffer and 0.1% (w/v) SDS at room temperature for 15 inin, 
at SO 0 wstt! 0.1x SSC buffer and 0.1% SDS (w/v)far30mirt. dried and then exposed to Bio-Max MS film overnight at 
-70 -5 C. Positive plaques were repteted and rescreened twice. Pure positi pi ■ es 1 M buffer rth chlo- 
roform. PCR on these phags srs revealed 3 different insert sizes. 

[0164] PC R with a combination of vector primers and primers fi err: different region-; of the c toned 1 042 bp sequence 
55 revealed that only one of the three different phages had the complete HAS gene. The insert size in this phage was 6.S 
kb. Attempts to subclone the insert into plasmid form by sutoexcision from the selected phage library clone failed. 
Therefore, a PCR strategy was applied again on the pure positive phage DNA to obtain the 5' and 3' end of the ORF. 
r - primers 0,8. 3 (5 -'jCCCTGTGTCGGAACATTCA-S' (SEQ ID NO.16,1) and T3 (vector primer) arn- 
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7.5 and T7 {vector primer! amplified a 2.5 kb product. The 5' and 3'-end 
3 j by sequencing these two above products. Ana a of r C R product sequences 
allowed us to reconstruct the ORF of the 1 254 bp seHAS gene. 

s C.5 Expression cloning of the seHAS 

[0165] Primers signed at the start and stop codon regions of seHAS to contain an EcoR1 restriction site in 

the sense oligonucleotide ( 5'- AG G ATC C GAATTC ATGAGAAC ATTAAAAAACCTC -3' (SEQ ID NO:17)> and a Psf1 site 
in the antisense oligonucleotide ('j -AGAATTCTGCAGTTATAATAATTTTTTACGTGT-3' (SEQ ID NO:18)>. These prim- 

>'0 ers amplified a 1 .2 kb PCR product from D1 81 genomic DMA as well as from pure hyl za sitive phage The 

1 .2 kb product was purified by agarose gei electrophoresis j Pstl ano EcoRI and cloned direcfionaliy 

into Pstl -and EcoRI -digested pKK223 vector The iigated vector was transformed into E, coli SURE cells that were 
then grown at 3Q~C. This step \i s pi cf ally tm t it since other host cells or higher tet p atu - e suited in de- 
letions of the cloned r>s f i dated and their pDNA purified Ou j e i 3,b,c t d,e, and 

?s f), five had the correct size insert, while one had no insert. 

C.6 HA Synthase Activity 

[0166] HA synthase activity was assayed in membranes prepared from the 5 above clones. Fresh log phase cells 
so were harvested at 3Q00g> washed at 4 C with PBS and membranes were isolated by a modification of a protoplast 
method as known by those of ordinary skill in the art. Membrane preparations from Streptococcus pyogenes and Strep- 
tococcus e<h ' - 1 jlvu obtained by modification of a different protoplast procedure. Membranes were incubated 
at 37X in 50 mM sodium and potassium phosphate. pH 7.0 with 20 mM MgClj, 1 mM DTE, 1 20 ft.M UDP-GicA and 
300 (-tM UDP-GlcNAc, Incorporation of sugar was monitored by using UDP- [-"CjGicA (318 mCi/mmoi; ICN) and/or 
20 UDp-[ s Hj GlcNAc (29.2 Ci/mmol NEN) . Reactions were terminated by addition of SDS to a final concentration of 2% 
(w/v). Product HA was separated from precursors by descending paper chromatography and measured by determining 
incorporated radioactivity at the origin. 

C. 7 Gel Filtration Analysis 

[0167] Radiolabeled HA produced in vitro by membranes containing recombinant seHAS or spHAS was analyzed 
by chromatography on a column (0.8 x 40 cm) of Sephacryl S500 HR (Pharmacia Biotech Inc.). Samples (0.4 ml in 
200 mM NaCi, 5mM Tris-HCI, pH 8.0, plus 0.5% SDS) were eiuted with 200 mM, NaCI, 5 mM Tris-HCL, and pH 8.0 
and 0.5 m! fractions were assessed for 1ii C and/or 3 H radioactivity. Authenticity of the HA polysaccharide was assessed 
35 by treatment of a separate identica I sample with the HA-speeific hyaluronate iya se of Sireptamyces hyaturolyticus (EC 
4.2.2.1 ) at 37 ; C for 3 hrs. The digest was then subjected to gel filtration. 

C.8 SOS -PAGE and Western Blotting 

« [0168] SDS-PAGE was perfc med . rdtng to the Laemmli method. Electrotransfers to nitrocellulose were per- 
formed within standard blotting buffer with 20% rnetha no! using a Bio-Rad mini Transblot device The blots were blocked 
tr B SA in TBS. Protein A/G alkaline phosphatase conjugate (Pierce) and p-nitrobluetetr3zoliurn/5-bromo-4<;hlo- 
ro 3 ii ioly! tolu it were used for detection. 

« C.9 DNA Seq » 3l 

[0169] PI sequenced s 1 n 

were perfom i > i kit for fluorescent labeled primers (with 7-deazeG) Samples were ©lec- 

trophores . acia ALF Exp NA Sequencer and data were analysed by the ALF Manager Software 

5S v3.02. Internal regions of inserts were sequenced with internal primers using the ABI Prism 377 (Software version 
2.1 1). Ambiguous regions were sequenced manually using Sequenase™ 7-deaza - DNA polymerase, 7-deaza GTP 
master mix (USB) and [u-^S] dATP (Amereham Life Sciences.! The sequences obtained were compiled and analyzed 
using DNASIS. v2 1 (Hitachi Software Engineering Co.. Ltd.). The nucleotide and amino acid sequences were com- 
pared iwth and ?ther databases. 

55 

C.10 Identification of seHAS 

[0170] Identification of seHAS was accomplished by utilising a PCR approach with oligonucleotide primers based 
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on several regions of high tdentit. smoi g spHAS, D642 (now known to be a deveiopmentally regulated X. laevis HAS 
urn S~G1cNAc transferase). The xiHAS and NodC proteins are. respec- 
tively, -50% and -10% identical to spHAS. This strategy yielded a 45S 

identical to spHAS, indicating that a Group C homoiogue (seHAS} of the Group A (spHAS) HA synthase gene had 
s been identified. The complete coding region of the gene was then reconstr.. a PCR based strategy. 

A final set of PCR primers was then used to amplify the complete ORF from genomic DNA, When this 1 2 kb PCR 
fragment was incorporated into i - md transformed in HA synthetic 

activity was demonstrated in isolated membranes from 5 of the Scolonies tested. 

[0171] The ORF of the recos t i It? amino acid twasnotinthe 

*0 database an ttstwoai acids st r - than spHAS. The two bacteria! proteins are 2 identi a! snd the nucleic 
acid sequent = m 70 identical. The predicted molecular weight of the seHAS protein is 47,778 and the predicted 
isoelectric point is at pH 9.1. Three recently identified mammalian HASs (muHASI , rmiHAS2, muHAS3, FIG. 2) are 
similar to the bacte proteins ie overa ientity between the two groups is -28-31%. and in addition many amino 
acids in seHAS are highly conserved with those of the eukaryotie HASs (e.g. KIP. or D/E substitutions). AS8R, the 
PBCY-1 HAS is 25 r a alian HASs, and is predicted to have a similartopology in the lipid 

membrane. Within mammalian species the same family members are almost completely identical (e.g. muHASI and 
huHASI are i il muHAS2 and huHAS2 are 98% identical) However, and as shown in FIG. 3. even within 
the same spe « ttw Jiffere HA f embers are more divergent (e.g tmiHASI and muHAS2 are 53% identical, 

muHASI and muHASS are 57% idenficai; muHAS2 and muHAS3 are 71% identical;. 
so [0172] FIG. 10 shows hydropa thy f >nd predicted membrane topology. The hydrophiiicity plot for the 

Streptococcal Group C HAS was generated by the method of Kyte and Dooiittle (J. Mol. Biol. 157, 105, 1982; using 
DNAsis The protein is predicted to be an integral membrane protein. 

[0173] FIG 11 showsa model for the topoiogic organization of seHAS in the membrane. The proposed topology for 
the protein conforms to the charge-in nils and puts the large central domain inside. This domain is likely to contain 
most of the substrate binding and catalytic functions of the enzyme. CyS ? ~ 6 in seHAS, which is conserved in ail HAS 
family members., as well as the other three cysteines are shown in the central domain. Cys f 3 tesidue whose 

aiterati n cat imat ter the size < tion thesized by the enzyme. 

[0174] The overall membrane topology predicted for seHAS is identical to that for spHAS and the eukaryotie HASs 
reported thus far. The protein has two putative transmembrane domains at the amino terminus and 2-3 membrane- 
30 associated or transmembrane domains at the carboxyl end. The ii, i t ncai enzymes 

are virtually identical and illustrate the difficulty in predicting the topology of the extremely hydrophobic region of -90 
residues at K 313 -R 40S in seHAS <K3«-K*« in spHAS) . 

[0175] sei " seed in E, coli cells. Roughly 10% of the total membrane protein was seHAS as 

assessed by staining of SDS-PAGE gefs (FIG. 5). The prominent seHAS band at 42 kD is quantitatively missing in the 

35 vector-only control lane. This unusually high level of expression for a membrane protein is also found for spHAS, using 
the same vector in SURE cells. About 3% of the membrane protein is spHAS in £ coli SURE ceils, in contrast, -the 
amount of seHAS in Group C membranes is not more than 1 % of the total membrane protein. The spHAS in Group A 
membranes is barely detectable. The recombinant seHAS expressed in E. coli SURE cells does not synthesize HA in 
vivo, since these ce I i IDF Sh A one ofthe required substrates. Membranes, however containing the recombinant 

*3 seHAS protein synthesize HA when provided with the substrates UDP-GlcNAc and UDP-GicA (FIG. 12). 

[0176] FIG. 12sho sthesy t sis of authentic HA by recombinant seHAS . £ coli membranes (69 >ig} prepare from 
cells containing s ibinant seHAS c ecfc alone were incubated at 37*C for 1 hour with 700 >iM UDP- pHJ GlcNAc 
(2,78 x 10 s dpm/nmol; QJQ and 300 p.M UDP-f^CJGIcA (3.83 x 10 3 dpm/nmoi; O,-) in a final volume of 200 pi as 
described herein. The enzyme reaction was stopped by addition of EDTA to a final concentration of 25 mM, Half the 

« reaction mix was trea tl ptomyce lidase at37<-C for 3 hours. SDS (2%. wAA was added to hyaluro- 

nidase -treated ((),□) and untreated samples, which were heated at 90 C for 1 min. The samples were diluted to 
500 nl with c - i t i pH ° In cla tfie i by centrif 2 ected onto a 

t ns(t ml) m i collects I ■> *» t rmined BD is the peakefution 

uded volume and V s the included volume. 

5i> The ratio f[ :] IcA ' r 1 ' 1 ;NAc in ;orporated info the total amount of HA fractionated on the column is 1 .4, which 
isidenti a i the two substrates. Therefore, the molar rat incorporated 

into product is 1 .1 as predicted for authentic HA. Membranes from cells transformed with vector alone did not synthesize 
HA. 

[01 77] Using 1 20 (.iM UDP-GIcA and 300 fiM UDP-GlcNAc, HA synthesis was linear with membrane protein (at <0 
55 2 ug) and for at least 1 hour. Also, membranes prepared from nontransformed cells or ceils transformed with vector 
alone ha\ e no detect sbl - HA 3 actft ity. HA synthesis is negligible if Mg*2 is chelated with EDTA <5% of control) or if 
either of the two substrates are omitted (-2% of control). Recombinant seHAS also showed the expected specificity 
for sugar ntn c i - ng unable to copolymers either UDP-GalA, UDP-GIc or UDP-c h« 
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of the two norma! substrates (Table 

[0178] Bsm i malysis the average mass of the HA syn I by seHAS in tsofated membranes 

is 5-1 0x10 s Da. The product of the recombinant seH AS is judged to be authentic HA based on the equimoiar incorpo- 
ration of b jfadation by the specific Sireptom} ss 1 2). A gh 
the conditions for total HA synthesis were not optima! {since -90% of one substrate was incorporated into product), the 
enzyme produced a broad distribution of HA chain lengths. The peak fraction corresponds to an HA mass of 7.5x10 s 
Da which is a polymer containing approximately 36.000 monomelic sugars. The distribution of HA sizes resolved on 
this coiumn ranged from 2-20x1 0 6 Da 

[0179] The deduced'} t t seHAS was confirmed by theabiiitj fantik ! » HAS protein to 

cross-react with the Group C protein {Fit? 8). Polyclonal antibodies to the whole spHA ..it the cential 

domain of st j - c i nn \ Antipept t t terminus of spHAS did not cross- 

react, with this somewhat divergent region in the seHAS protein. However, antipeptide ant - d against the 

spHAS sequence E 147 -T 16 ' recognized the same predicted sequence in seHAS. Tne «mtif ear d o re a 
with the native seHAS and spHAS proteins in Streptococcal membranes and confines that the native and recombinant 
enzyme * ids a I size Like the spHA HA migrates anomalously fast on 

SDS-PAGE. Although the calculated mass is 47,778 Da, the M r by SOS-PAGE is consistently -42 kOa. 
[01 SO] Because of the sequence identity within their central domain regions and the overall identical structure pre- 
dicted for the two bacterial enzymes, the pepttde-specific antibody against the region E 1,17 -T 161 can be used to nor- 
malize for HAS protein expression tn membranes prepared from ceils transformed with genes for the two different 

'° enzymes. Using this approach, membranes with essentially identical amounts of recombinant spHAS of seHAS were 
compared with respect to the initial rate of HA synthesis and the distribution of HA product size. 
[0181] As shown for spHAS, the synthesis of HA chains by seHAS is processive. The enzymes appear to stay as- 
sociated with a growing HA chain until it is released as a final product. Therefore, it is possible to compare the rates 
of HA elongation by seHAS and spHAS by monitoring the size distribution of HA chains produced at early times, during 

25 the first round of H-< t i Based on gel filtration analysis of HA product sizes at various times, we estimated 
that the average rate elongation by seHAS is about 9,000 mo osb ci e ■ note t i FIG 9) In five minutes, 
the enzymes can polymerize an HA chain of 5-1 0x1 0 s Da. During 3 60min incubation, therefore, each enzyme molecule 
•:!>•- complete and release on the order of 5-8 such large HA molecules. At early times (e.g. -S 1 
mln), reflecting elongation of the first HA chains, the size distribution of HA produced by seHAS was shifted to larger 

30 species compared to spHAS. By 60 mln the two distributions of HA product sizes are indistinguishable. 

[0182] The cloned seHAS represents the authentic Group C HA synthase. Previously reported or disclosed "Group 
C" proteins are, therefore, not the true Group C HAS. The seHAS protein is homologous to nine of the currently known 
HA synthases from b - tes, and a virus that now compi ing HA synthase family. This 

homology is shown particularly in FIG. 2. In mammals three genes, designated HAS 1, HAS 2 and HAS 3. have been 

55 identified and mapped to three different chromosomes in both human and mouse. In amphibians the only HAS protein 
identified thus far is the developmental regulated DG42, which was cloned in 1988 and recently shown to encode 
/ analysis of the recombinant protein in yeast membranes. Probably other X. laevus HAS 
genes will soon be identified. 

[0183] A divergent evolution model suggests that a primitive bacterial HAS precursor may have been usurped early 
io during vertebrate development or the bacteria! pathogenic strategy of making an HA capsule was developed when a 
i in primordial HAS. Convergent ©volution of the bacterial and eukaryotic HAS enzymes, to 
a common structural solution 'seems unlikely, but may have occurred. 

[0184] None of the three mammalian isozymes for HAS have yet been characterized enzymatically with respect to 
their HA product size. At tsastten identified HAS proteins are predicted to be membrane proteins with a similar topology 

«> HAsyntht cursaf j la membrane and the HA is either shed into the medium or remains cell associated 
to form the bacterial capsule or a eukaryotic pericellular coat. The sugar nucleotide substrates in the cytoplasm are 

f to a smble H •> f u 1 < ied ti tgh the membrane to the external space 
[0185] Thi n topolog i, fdrophobie carboxyl portion of the HAS protein appears to be critical in 

understanding how the enzymes extend the growing HA chain as it is simultaneously extruded through the membrane 

5S For example, the unprecedented enzymatic activity may require unusual and complex interactions of the protein with 
the lipid biiayer Preliminary results based on analysis of spHAS-alkaline phosphatase fusion proteins indicate that the 
amino and carboxyl termini and the large central domains are all intracellular, as shown in FIGS. 10 and 11. The seHAS 
i i i o i atns i large central domain {--63% of the total prote ' - > ■"its to contain the two substrate 
binding - * 1 ansferase activities needed for HA synthesis. Although current software programs 

55 cannot reliably predict the number or nature of membrane-associated domains within the long C-ferminal hydrophobic 
stretch the . »tranqemer* agrees with the present evidence and applies as well to the eukaryotic 

enzymes, which are -40% larger primarily due to extenfion of the C-terminal end of the protein with 2 additional 
embrane domains 



25 



EP 1 522 579 A2 



[0186J Four of the six Cya residues in spHAS are conserved with seHAs Only Cys225 in both bacterial enzymes is 
Since sulfhydry! reactive agents, & ite or NEM. 

greatly inhibit *vs t is likely thatth nserved Cys is necessary or importantfof ert i f f tial n 
from site-directed m 'n udies, however, indicate that a C225S mutant of spHAS is not inactive, it retains 

s 5-1 0% of wildtype activity. 

[0187J The recognition of nucleic acid sequences encoding onfy seHAS, only spHAS, or both seHAS and spHAS 
using specific oligonucleotides is shown in FIG 13, Three pairs of sense-antisense oligonucleotides were designed 
based on the sequence of ID SEQ NO, 1 and the coding sequence forspHAS. The seHAS based nuclei c in 
(sel-se and sespl sj m Indicated in FIG. 14. These three o!ig < tid pairs bybr z d under typical 

f» PGR reactions with genomic DNA from either Group C (seHAS) planes 2, 4, and 6) or Group A (spHAS) (lanes 3,5. 
and 7) strept oct i tnd ■ idicate the positions of iVlVV standai r i 

performed using Tag DNA polymerase (from Promega) for 25 cycles as follows: 94 degrees Celsius for 1 minute to 
achieve DNA denaturatit J8 degrees C ^ i <■ ' v I « > - erstfoi t minute 

to allow hybridization, and 72 degrees I ins? for 1 .5 minutes for DNA synthesis. The PGR reaction mixtures were 

?s then separated by electrophoresis on a 1 % agarose gel. 

[0188} The sel-se2 primer pair was designed to he uniquely specific for the Group C HAS (seHAS). The sp1-sp2 
primer pair was designed to be uniquely specific for the Group A HAS (spHAS). The sespl -sesp2 primer pair was 
:e to both the Group A and Group C HAS nucleic acid sequences. All three primer pairs behaved 
as expected, showing the appropriate ability to cross-hybridize and support the generation of PGR products that were 

so specific and/or unique. 

£0189} The oligonucleotides used for specific PGR or hybridization are shown in FIG. 14. The synthetic oligonucle- 
otides of SEQ IO NOS 3, 4, 5, and 8 are indicated in the corresponding regions of SEQ ID NO. 1. These regions are 
in bold face and marki c k' as primers sel. se2, sespl, and sesp2 The #1 indicates primers in the sense 

direction, while the #2 indicates a primer in the antisense direction. Each of the four oligonucleotides will hybridize 
S3 specifically with the seHAS sequence and the appropriate pairs of sense/a ntisense primers are suitable for use in the 
polymerase chain reaction as shown in FIG. 13. 

£01 30 J FIG. 7 shows a gel filtration analy sis of hyaluronic acid synthesized by recombinant HAS expressed in yeast 
n reading frame of 419 amino acid residues corresponding to spHAS 
(with the original Val codon switched to Met) wassubcloned by standard methods in the pYES2 yeast expression vector 

33 (from I nvttrogen } to produce pYES/H A Membranes from cetts with this construct were prepared by agitation with glass 
beads. The samples derived from pYES/HA constructs contained substantial HA synthase activity and the "42 kOa" 
HAS protein was detected by Western analysis using specific antibodies; membranes from ceils with vector alone 
possessed neither activity nor the immunoreactive band (not shown). Membranes {31 5 ug protein) were first incubated 
with carrier free UDP- <™C] GIcA (1 uCi^C) amd 900 uM unlabeled UDP-GlcNAc in 50 mM Tris, pH 7, 20 mM MgC1 2, 

35 VmM DTT, and 0.05 M NaCI (450 ui reaction volume) at 30 degrees Celsius for 1 .5 minutes. After this pulse-iabe! period 
nonradiolebeled UDP-GIcA was then added to final concentrations of 900 uM. Samples ( 1 00 uL) were taken after the 
pulse at 1 .5 min (dark circle), and 1 5 (black square), and 45 (black triangle) min after the "chase " The reactions were 
- JOS to 2% and heating at 95 degrees Celsius for 1 min. The samples were clarified by 
centrifugation (1 0,000 x g, 5 min) before injection of half of the sample onto a Sephacry! S-500HR gel filtration column 

« (Pharmacia. 1 x 50 cm) equilibrated in 0.2 M NaCI, 5 mM Tris, pH 8. 

[0191] The column was e luted at 0.5 rnl/min and radioactivity in the fractions (1 ml) was quantit? 
filiation* i af iding Bio Mail (4.5 ml Research Products Intl.). The void volume and the totally 

included volumes were atelution volumes of 14 ml and 35.5 ml. respectively. The peak of blue dextran (average 2x10 
8 Da) eluted at 25-27 ml. The recombinant HAS expressed in the eukaryotic yeast cells makes high molecular weight 

45 hyaluronic acid in vitro. 

£0192} Thus if should be apparent that there has been provided in accon^ance with the present invention a purified 
n : region encoding enzymatteally active HAS, methods of producing hyaluronic 

acid from the seHAS gene, and the use of hyaluronic acid produced from a HAS encoded by the seHAS gene, that 
full satisfi i tt rtb above. Although i c s in njunction 

5S with specific embodiments thereof, it is evident that many alternatives, modifications, and variations will be apparent 
to those skilled in the art. Accordingly, it is intended to embrace all such alternatives, modifications, and variations that 
fall within the spirit and broad scope of the appended claims. 
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<110> TUB SGfiRD OF RiSGENTS OF TKB UNIVERSITY- OF OKLAHOMA 

<iae> wmm.wm synthase geke and esss. thereof 

<130> Sl«782-S/JP/176,65i * . 

■. <1*0» PCT/aS9S/231SJ ■■" 
1WS-J0-3O 

«1SC> ITS SQ/06«,435 
" <1S1> 31-I0-19S? ■ ■ 

<150> US 05/178,851 

<iso> S3. : 

<170> ASCII . ' 

<210> 1 

«Z1X> 12S4 - - ■ 

<212> DNA 

<213> Streptococcus equisimiiic 



atgagaacat fcaaaaaacct cataacfcgtt gtggccttta gtattttttg ggtacegttg 
Atttacgtca atgttfc&tet cttfcggfcget aaaggesagct tgtcaattta tggcettttg 

etgatagctt aectattagc caaaatgtcc etatcctttt tttacaagcc atttaaggga 

agggcegggc aatataaggt tgcagccafct *tt«cctctt ataacgaaga tgct'gagtca 

ttgctagaga ecttaaaaag tgtecagcag caaacctatc eccfcagcaga aatetafcgtt 

gttgacgatg gaagtgctga tgsgacaggfc a?.fc*agcgea ttgaagacts tgtgcgtgac 

actggtgacc tatcaagcaa tgtcattgtt. catcggtcag agaaaaatca aggaaagcgfc 

catgeacagg ectgggcctt tgaaagatca gacgcegatg cctttttgac cgttgactca 

gataettata tctacccfcga tgctfctagsg gagttgtuaa aaacctttaa tgacccaaec 

gtctccgctg cgacgggtca ccttaatgtc agaaatacac aaaccaatct ct-taacacgc 

ttgacagaKa ttcgctatca taacgctttt ggcgttgaac gagctgccea atecgttaca 

ggtaatatee ttgtttgctc aggtccgctt agtgtxtaca gacgcgaggc ggtxgttcet 

aacavagaea gatacatcaa ccagaccetc ctgggtattc ctgtaagtat tggtgatgae 

aggcgcttga ecaaeCaCgc aaccgattta ggaaagaetg tttaccaatc cactgetaaa 

tgtatiacag acgttcctga caag3tgtct acctactcga agcagcaaaa ccgccgg3ac 

a.-»?ccctr.c< ttagagagtc cattatteet gctaagaaaa ecacgaacaa tcctr.ct.gca 
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gocctatgga ccatacfctga ggfcgtceatg etttatgatgc fctgtttstte tgtggfcggat 1029 

ttetttgtag gcaatgtcag agaafctfcgat tggctcaggg tttc&gccte tctgstgatt . loao 

atcttcattg ttgccejfcgt'g tcggaacatt cafctscatgc ttaageaccc grctgtCCttc 1140 ' 

ttgttatctc cgfctttotgg ggtgctgcat tfcgtfctgtcc tacagccctc gaaafctatat- X7O0 

tctcfctttta ctattagaaa tgcfcgacfcgg ggaacaegta aaaaattaet ataa 12S4 



<310 & 2 
<Sil> 41? 
<212> PR?' 

<213> Streptococcus eguiairoilia 
«223* 



Met A^g Thr Leu Lys Asn Leu lie Thr Val Val Ala Pin- Ser lie Phe 
1 .5 10 15 

Trp Val. Ley Leu He Tyr Val Asn val Tyr Leu Phe Gly Ala t.ys Gly 
20 25 30 

Sor Leu Ser He Tyr Gly Phe Leu Leu He Ala Tyr Leu Leu Val Lys 
3S <0 45 ' 

Met Ser Leu Ser Phe Phe. Tyr Lys Pro Phe Lys Gly Arg Ala Gly Gin 
50 55 ■ 60 

Tyr Lys Val Ala Ala He lie Pro Ser Tyr Asn Glu Asp Ala Glu Ser 



Leu Leu Glu Thr Leu Lys Ser Val Gin Gin Gin Thr Tyr Pro Leu Ala 
85 90 S5 



Arg lie Glu Asp Tyr Val Arq Asp Thr Gly Asp Leu Ser Ser Asn Val 
115 120 125 

He vaJ His Arg Ser Glu Lys Asn Gin Gly Lys Arg His Ala Gin Ala 
130 135 ' 140 

Trp Ala Phe Glu Arg Ser Asp Ala Asp Val Phe Leu Thr Val Asp Ser 
145 ISO 1S5 ISO 

Asp Thr Tyr He Tyr Pro Asp Ala Leu Glu Glu Leu Leu Lys Thr Phe 
165 176 1?S 

Asn hsp Pro Thr Val Che Ala Ala Thr Gly His Leu Asrj Val Arg Asn 
ISO IBS 150 

Arg Gin Thr Asn Leu Leu Thr Arg Leu Thr Asp lie Arg Tyr Asp hsn 
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Ala Phe Gly val Clu Arg Ala Ala Gin Ser Val Thr Gly turn lie Leu 
210 215 230 

Val Cys Ser Gly Pro Leu Ser Val Tyr Arg Arcs Olu Val Val Val Pro 
22S 230 . * 235 240 

Asn He top Arg Tyr lie Asn «ln Thr phe Leu Sly IU Pro Val Ser 
2*5 • 2SC '. 255 

lie Gly Asp Asp Arg Cys Leu Thr Asm Tyr Ala Thr Asp Leu Gly Lys 
260 , 265 • 270 

Thr Vai Tyr Gin Ser Thr' Ala 'Lya Cys lie Thr Aap Val Pro Asp Lys 



Ala Leu Trp Thr lie Leu Glu Val Ser «et Phe Met Ket Leu Val Tyr 
325 330 335 

Ser Val Val Asp Phe Phe Val Gly Asn Val Arg Glu Phe Asp Trp Lew 

340 ' 34S ' 350 

Arg Val Leu Ala Phe Leu Val lie lie Phe tie Val Ala Leu Cys Arg 
355 3SQ 36S 

flsn He Kis Tyr Met Leu Lys His Pro Leu Ser Phe Leu Leu Ser Pro 
370 37S 380 

Phe Tyr Gly Val Leu. His Leu Phe Val Leu Gin Pro Leu Lys U-u Tyr 



Ser Leu Phe Thr lie Arg Asn Ala Asp Trp Gly Thr Arg Lys Lys Leu 

405 41C 415 



<2U> OMR 

<213> Streptococcus esjuisirailis 
<320> 



» Streptococcus eqv is i r,i 1 i .< 
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atcaaattct ctgaeatfcga 



<ail> -20 

<ZXt> DMA 

~<2%%> Streptococcus eguis.im.i lis 
<22Q> . ' " 

«223> 
<40J>> S 



sactoagata ettaeatcta 



'5Hj 17 
<212> DMA 

<23.3> Streptococcus ecu i s itn.i l.i s 



tttttaogtcr tteecxa 



<S12> PRT 

<213> Chlorella virus PBCV-3. 



Met Gly Lys Asn lie He He Met Val Sec Trp Tyr Thr He lie ?hs 

5. 5 10 IS 

Ser Asn Lau He Ala Val Gly Gly Ala STer Leu He Leu Ala ?ro Ala 

20 25 50 

lie Thr Gly Tyr Val Leu His Trp Asn lie Ala Lau Ser Thr He Trp 
3S 40 45 

Gly Val Ser Ala Tyr Gly He Phe Val Fhe <Sly Phe Fhe Leu -Ma Gin 
SO ss CO 

Val Leu Pha Ser Glu Leu Asn <\rg Lys Arg Leu Arg Lys Trp He sar 

«S 70 75 HQ 

L<?u Arg Pro Lys Cly Tip Asn Asp val Arg Leu Ala Val Sis He Ala 
as 90 ?s 

Gly Tyr Arg <Uu Asp Pro Tyf Met Phe Gin LySt Cys Leu Glo Set Val 
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Arg Asp Ser Asp Tyr Gly Assi Val Ala Arg Leu He Cys Val lie Asp 
•15.5 .. 120 125 

Gly Asp Glu Asp Asp Asp Met Arg Met Ala Ala Val Tyr Lys Ala lie 
130 3.3S ' 1*0 

Tyr Asn Asp Asa lie Lys Lys Pro Glu Phe Val- Leu Cya Glu Ser Asp 



Asp Lys Glu Gly Glu Arg He Asp Ser Asp Phe Bex- Arg Asp lie Cys 
J.S5 ' 170" J.7S 



Ser Asp Thr Val Leu Glu Lys Asp Ala Tie Leu Glu Val Val Tyr Pro 



Trp Asn Thr Asp Thr Leu Lau Ser Leu Leu Val Ala Trp Arg Tyr Tyr 



Gin Cys Val Gly Gly Pre Leu Gly Ala Tyr Lys Asp lie He Lys Glu 
275 2S0 265 

He Lys Asp pro Trp lis Ser Glr> Arg Phs Leu Gly Gin Lys Cys Thr 



Tyr Gly Asp Asp Arg Arg Leu Ths ASft Glu He Leu Ket Arg Gjy Lys 
30S' 310 315 320 



Aso Val Phe Arg Tyr lie Val Gin Gin Thr Arg Trp Ser L/3 Ser Trp 
340 345 350 

Cys Arg Glu He Trp Tyr Thr Leu Phe Ala Ala Trp Lys His Gly Leu 
3S5 3S0 3SS 

Ser Cly He Trp Leu Ala Phe Glu Cys Leu Tyr Gin He Thr Tyr Fhe 
3 70 3 75 3B0 , 

Phe (,eu Val He Tyr Leu Phe Ser Arg Leu Ala Val Glu Ala Asp Pro 
385 3?B' 395 400 

Arg Ala Gin Thr Ala Thr Val He Val Ssr Thr Thr Val Ala Leu He 
405 410 «S 

Lys Cys Gly Tyr Phe Sar Ph« Arg Ala Lys Asp lie Arg Ala Phe Tyr 
4J0 «S 430 

Phe Val Leu Tyr The Phe Val Tyr Phe Phe Cys Met He Pro Ala Arg 



r Ala Net Met Thr Leu Trp Asp He Gly Trp Asp Thr Arg Cly 
) 455 460 
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Gly Ran Glu lye Pro Ser Val Gly Thr Arg Val Me Leu Trp Ala hya 
465 470 475 4 80 

Gin Tyr Leu lie Ala Tyr Ret Trp T£j> Ala Ala Va'l Val Gly Ala Gly 



Val Tyr Ser lie Yal His Asn Trp Met Phe Asp Trp Asn Ser Leu Ser 

-.500 , SOS 510 



lie Val k'u val Val. Tyr S>he Thr Gly hys lis' Thr Thr Trp Asn Phft 



' Thr Lys Leu Gift Lya Glu Leu He Glu Rsp Arg val Leu Tyr Asp Ala 
S-iS 550 * SSS 5S0 



Thr Thr Asn Ala Gin. Sbt Val 

scs 



<2U> 1740 

<212> r>m ' : 

<S13> Chlorella virus PBCV-1 
<22(J> 
«223> 



aagacttcte gaaagttaca. afcgggtaaaa atataatcac aatggt-ttcg tggtaeacca 
tcafcsacttc aaatctaate gcggttggag gagcctctce aatctfcsact Ceggcaatta 
ctgggtatgt tctacattgg aatsttgetc ictegaeaat ctggggagta tcagcttasg 
gwttttcgt ttugggttt .ttcctfcgcac aagttttatt ttcagaactg aacaggaaac 
gfccttcgcaa gtggafcttct cCcagaccta agggttggaa tgatgttcgt .tcggctgtga 
tcatfcgetgg atatcgegag gatecttata fcgttccagaa gtgectcgag tctgt'acgtg 
a«ctgat£* eggcaacget gecegtctga tttgtgtgat tgacggtgat gaggacgatg 
acatgaggat ggctgccgtt tacaaggaga tctacaatga caacaeeaag aagcccgagt 
etgtscsgtg egagecagac gacaaggaag gtgaafrgcat egsctctgat ttctctcgcg 
acatttgtge cctccagcct catcgtggaa aacgggagtg tcettataet gggtctaaac 
ttgesaagae ggaccccagt gecaatgetg tegttctgat tgacagegat accgctetcg 
agasggatgc tattefcggaa gctgtavacc cscctgcatg cgstt-ccgsg at.ccaagccg 
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fctgcaggtg* gtgt.aagstfc tggaaeaeag aeactetttt gagtettctc gtcgcttggc 

ggtactatfcc tgegtfcttgfc gtggagagga gtgcccagtc ttfctttc&gg actgfctcage 
gegttggggg gccactgggfc gcctacaaga ttgatatcat taaggagstt aaggacsect 

ggatttccca gcgctctcut ggtcagasgfc gtacfctisogg tgacg'accgc cggctaScca 

acgagatctt gatgcgtggt aaaaaggtfcg tgetcactcc atttgctgte. ggttggtctg ■ 

acagtecgae caafcgtgttt cggtacatcg ttcagcagac ccgetggagt aagtcgtggt 

gccgcgaaat te'ggeacecc ctcttcgccg cgtggaagca cggtfctgtct ggaatttggc 

fcggccettga atgtttgtai; caaattacat acttcttcct cgtgatttac ctcttttctc 

gcetagccgt tgaggccgac ectcgcgccc sgacagccac ggtsattgtg agcaccacgg 

'fcfcgcafctgat taagfcgtggg tattttteat tccgagccaa ggatatfccgg gcgttttact 

tfcgtgcctta Caeattcgtt tactttfcfcet gtatgattcc ggccaggatt aetgcaatga 

tgaegetttg ggacattggc tgggacactc gcggtggaaa cgagaagcct tocgtcggca 

cccgggtcge tcegtggges aageaatatc tcattgcata tatgtggtgg gccgcggttg 

ttggcgctgg agcttacagc accgcccata actggatgtt cgattggaat tetctttctt 

ategtt&tge ttcggccggt acttgttett. acattgcttt tactgttatt gtgctggtgg 

fcttatttcac cggcaaaaU acgacttgga atttcacgaa gcttcagaag gagceaatcg 

aggaeegcgt tctgtacgat gcaacta.cca acgctcagtc CgtgcgattC ttcetgeaag 



<210» 3 
<2X1> 11 

<213> Streptococcus pyogenes 



Asp Arg Cys Leu Thr Asr, Tyr Ala lie Asp Leu 
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<an> n 

<212> PET 

<ZXJ> Streptococeus : pyogenes 

<320> 

«223> 

<400> 10 



Cys Thr He iya' Asrt Thr Giu- Trp Gly Tor Atrg 



«210» 11 
<211> 10 
<212> PRT 

<213* Streptococcus pyogenes 

<220> 

<223> 

<400> IX 



• Val Ala Ala Va'l lie Pro Ser Tyjr han Gl'u - 



«210> 12 
<211> 9 
<2ia> PRT - 

<213> Streptococcus pyogenes 

<220> 

«223> 

<'«Q0> 12 



Val Asp Asp Cly Ser ser As.n Thr Asp 



«2«> 20 
<212> 'DNA 

<213> Streptococcus pyogenes 

<22t»> 

<223> 



gsaggacttg ttccagcggt 

<210> 14 
<2il> 20 
<212s. DMA 

<2i3> ScreptocoGCus pyogenes 

<220> 

<223> 

<4Q0> 14 



tgaacgtccc gacacagggc 
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<*13> Streptococcus pyogenes 
<220> . , - 

<223> 
<400? 15 



gcutgatagg ccaeeagtgt cacg 



<213> Streptococcus pyogeTics 



gccctgtgic ggaac. 



«210> 1? 
?S <m> 34 

<212> DNA 

<213> Streptococcus pyogenes 

<223> 
<400> X7 



aggatecgaa tteatcagas eattaaaaaa cetc 



«213> Strep 1 
«220> 
<2?.3v 
■s4<3Q> IS 



agaafctctgc agttataata afctttttaeg tgt 



*2lt>» 1.S 
«212» DMA 

<213> Pasturella multccida 
<*00> 19 

attttttaag gacagaaa 

atg aat aca tta tea caa gca at* aaa gca tat aac age aat gs« 
Met Asn Thr Leu Ssr Cin Ala He Lys Ala Tyr Asn Ser Ran Asp 
15 3.0 15 
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jca caa ctg tta ctt tec aae gta saa aaa tta gta cfct tct gac teg gaa aaa aae acg 
Thr Gin Leu Lew Leu Sex Asa Val Lys Lys Leu Val Leu Ser Asp Ser Clu Lys Asti Thr 
■ 80 8-5 90 95 

• tta aaa aat aaa tgg aaa ttg etc act gag aag aaa tct gaa aat gcg gag gta' aga gcg 
Leu Lys Asu Lys Trp Lys Leu Leu Thr Glu Lys Lys Ser Glu Asn Ala Glu Val Arg Ala 
. 100 105 110 IIS 

gtc gec ctt gta cca aaa gat ttt. ccc aaa gat ctg gtt tta gcg cct tta ccfc gat cat 
Val Ala Leu Val Pro Lys Asp Phe Pro Lys Asp leu Val leu Ala Pro Lsu Pro Asp Hi a 
110 125 130 135 

gtt aat gat ttt aca tgg tae aaa. aag cga aag aaa aga ctt ggc ata aaa cct gaa cat 
Val Asn Asp Pba Thr Trp Tyr Lys Lys Arg Lys Lys Arg Leu Gly lie Lys Pro Glu His 
140 145 150 ' 1SS 

eaa cat gtt ggt ctt tct act ate ctt aca aca ttc aat cga cca gca att eta teg att 
Gin Kls Val Gl'y Leu Sar lie He Val Thr Thr She. Asn Arg £ro Ala He Lea Ser He 
ISO 165 170 ' 17S 

aca tta gee tgt tta gta aae eaa aaa aca cat tac ccg ttt gaa gtt ate gtg aca gat 
Thr Leu Ala Cya Leu Val Asn Gin Lys Thr His Tyr Pro Phe Glu Val lie Val Thr Asp 
ISO ' 185 ' ISO 195 

; gat ggt agt cag gaa gat eta tea ccg ate att cgc caa tat gaa aat aaa ttg gat att 
Asp Gly Ser Gin Giu Asp Leu Ser Pro He He Arg Sin Tyr Glu Asrs Lys Leu Asp He 
200 205 210 215 

cgc tac gtc aga caa aaa gat aac ggt ttt caa gec agt gec get egg aat stg gga tta 
Arg Tyr Val Arg Gin Lys Asp Asn Gly Phe Gin Ala Ser Ala Ala Arg Asn Met. Gly L*u 
223 . 225 230 

cgc tta gca aaa tat gac ttt att ggc tta etc gac tgt gat *tg gcg cca aat cca tta 
Arg Leu Ala Lyss Tyr Asp Phe He c;ly Leu Leu Asp Cys Asp Met Ala Pro Asn Pro Leu 
240 245 250 tSS 

tgg gtt cat tct tat gtt gca gag eta tta gaa gat gat gat tta aca ate att ggt cca 
Trp Val His Ser Tvr Val AJa Glu Leu Leu Glu Asp Asp Asp Leo Thr He He Oly Pro 

260 26% . ■ 270 27S 

aga aaa tac etc gat aca eaa eat att gac cca aaa gac tec tta aat aac gcg agt ttg 
Arg Lys Tyr lie ASp Thr Gin Bis He Asp Pro Lys Asp Phe Leu Asn ASO Ala Ser Leu 
260 285 290 J9S 

ctt gaa tea tta cca gaa gtg aaa ace aat aat age gtc gec gca aaa ggg gaa gga aca 
Leu Glu S« Leu Pro Clu Val Lys Thr Asn Asn Ser Val Ala Ala Lys Gly Glu Gly Thr 



gtt tct ctg gat tgg cgc tta gaa caa ttc gaa aaa aca gaa aat etc cgc tta tec gat 3 
Val Sar Ley Asp Trp Arg Leu Glu Gin Phe Glu Lys Thr Glu Asm Leu »rg Leu Se-r Asp 
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tee ggt ttc ttt gae gag gaa ttt aat cac tgg ggt gga gaa gat gtg gaa ttt gga tat 1143 
Sar sly Phe Phe Asp Clu Glu Pho Aan His Trjt Gly 61y Glu Asp Val Glu Phe Gly Tyr 
ISO 3«5 • ;3?0 ' 37S 

cgc eta ttc egt tac ggt age tte ttt aaa act att gat ggc .att atg gee tac eat eaa j.203 
Arg LeuPfia Arg Tyr Sly Ser Phe Phe Lys Thr He Aap Gly He Met Ala Tyr His Gin 
380 3SS . ' 390 ' ' ' 395 

3»g cca cca ggt aaa gaa aat gaa acc gat cgt gaa gcg gga aaa aat att acg etc gat 12S3 
Glu Pro Pro Gly Lys Glu Asn Glu Thr Asp Arg Clu Ala Gly Lys Asrt lie Thr Leu Aap 
400 40S 4i0 ■ 415 

att atg aga gaa aag gee cct tat ate tat aga aaa ctt tta cca ata gaa gat teg cat 1323 
life Het Arg Glu Lys val Pro Tyr tie Tyr Arg Lys Leu Leu Pro lie Glu Asp Ser His 
420 42S 430 435 

ate aat age gta cct tta get tea att tat ate cca get tat aac egt gca aac tat att 13 S3 
lie J>sn Arg val Pro Leu Val Ser He Tyr He Pro Ala Tyr Asn Cys Ala Ann Tyr He 
■ 440 -14S ' 4S0 • 4SS 

caa cgfc fcgc'gta gat agt 'gca ctg a3t cag act gtt get gat etc gag gtt tgt ate tgfc 1443 
Gin Arg Cys Val Asp Ser .Ala Lau Asn. Gin Thr Val Val Asp Leu GIvj Val Cys tie Cys 



gca get gaa ctg tgt eta aaa gaa ttt tta aaa gat aaa aca eta set tgt gtt eat ace ICS 3 

Ala Val Glu L(*« Cys Leu Lys Clu Phe Leu Lys Asp Lys Thr Leu Ala Cys Val Tyr Thr 

510 . 345 550 SSS . 



ttt tea cga gaa aaa etc aca acg get atg ate get cac cac ttt aga atg ttc aeg ate 1S03 
ybe Ser Arg Glu l.ys Leu Thr Thr Ala Met lie Ala His Kis Phe Arg Met Phe Thr Tie 
S60 585 530 S9S 

aga get tgg cat eta act gat gga ttc aat gaa aaa att gaa aat gee gta gac tat gac 1853 
Arg Ala Trp His Lou Thr Mp Ciy Phe tesn Clu Lys lie Glu Rsn Ala Val Asp Tyr Asp 
600 605 610 615 

atg tec etc aaa etc agt gaa gtt gga aaa ttt aaa cat ctt aat aaa ate tgc tat aac 1922 
Met Phe Leu Lys Leu Ser Glu Val. Gly Lya Phe Lys Hi9 Leu Asn Lys He Cys Tyr Asn 
S20 625 630 &3S 

cgt gta tta cat ggt gat aac aca tea att sag aaa cct ggc att eaa aag aaa aac eat JSS3 
Arg Val Leu Mis Gly Asp Asfi Thr Ser He hys Lys Leu Gly 11a Gin Lys Lys Rsn His 
B40 €45 550 SSS 

ttt gtt g-ta gte aat cag tea tta aat aga eaa ggc ata act eat tat aat eat gac gaa 2043 
Phe Val Val val Asr> Gin Ser Leu Asn Arg Gin Gly He Thr Tyr Tyr Asn Tyr Asp Glu 
SCO SSS 610 • S7S 

ttt gat gat tta gat gaa agt aga aag tat ate etc aat aaa acc get gaa eat caa gas 310J 
Phe Asp Asp Leu Asp GXu Ser Arg Lys Tyr He Phe Asn Lys Thr Ala Glu Tyr Gift Glu 
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gsg ate. gat ate? tea aaa gat ett asa ate ate cag aat aaa gat gec aaa ate gca gtc 2l£3 

» lie Ala Val 

71$ ■ 

agt att ttfc est ccc aat aca bua aac ggc tta gtg aaa aaa eta aac aat att ate gaa 2223 

735 

t gat 

- ?ss 

■ta. gee ttc tat cat aaa cat caa gtg aat att tta eta aat 
,eu Ala S>he Tyr Hie Lys His Gin Val Asn lie Leu Leu Asr 

760 

: tea tat tac s 
: Ser Tyr Tyr 1 
780 



ate ate cag 


aat aaa gat 


lie lie 61a 


Asn Lya Asp 


705 


710 


ggc tta gtg 


aaa aaa eta 


Gly Leu Val 


Lys Lys L«u 


?2S 


730 


eta cat gtt 


gat sag aat 


Leu His Val 


Asp Lys ftsr. 


74S 


7SQ 


cat aaa cat 


caa gtg aat 


Hie Lys His 


Gin Val Asn 


76S 


770 


tta ata aaa 


act 'gag gcg 


Leu He Lys 


Thr Glu Ala 


73S 


790 


tgt gaa tac 


ate att ttt 


Cys Glw Tyr 


lie lie Phe 


SOS 


610 


tat aeg aaa 


aaa. tat gat 


Tyr Met Lys 


Lys Tyr Asp 


82 5 


830 


aaa ate 3ae 


gcg eat cca 


Lys He Asn 


Ala His Pro 


84S 


BSO 


tta aaa agt 


atg aijc gcg 


Leu Lys Sar 


Met Asn Val 






cat gag ctt 


etg acg att 


Kis Glu Leu 


Leu Thr tie 


sss 


890 


cca gaa tat 


aac act gag 


Pro Glu Tyr 


A.sn Thr Glu 



tea gca tta aca cat gat tgg ate gag aaa ate 3at gcg cat cca cca ttt aaa aag etc 2583 

s Lew 
8S5 

att aaa act t 
He Lys Thr 1 

; atg ttt atg acg tat gcg eta gcg cat gag etc etg acg att att aaa gaa gtc ate 2703 

5 Glu Val lie 
S9S 

: tgg ttc caa 1161 

i Trp Phe Gift 

90S SOS 910 915 

ttt gca cfct- tea ate tta gaa aag aaa acc ggc cat gta ttt aat aaa aca teg ace etg 

Plte Ala Leu Leu lie Lew Glu Lys Lys Thr Gly Kis Val Phe hssi Lys Thr Ber Thr Leu 

920 925 930 935 

« tgg aca aat gaa caa att gaa agt gca aaa 2883 

1 Trp Thr Asn Glu Gift lie Glu Ser Ala Lys 

> 9S0 955 



<210> 20 

«212» Dtfft 

<2i3n Unknown 

*220=. 

55 '321 > COS 

-.223* Oligonucleotide HA!>RF1 (sense strand} 
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gay >.ga yrt ytn acn ast tay get ath gay fctr gg 



«210> 21 

<2ii> as. 

<212> OSA 
<213> Unknown 

<220» 
<22X» CDS 

<223> Oligonucleotide KACTRi (antisense strand) 
<400> 21 



acg wgt wee cca nfcc ngy att ttt nsd ngt rca 



«:210> 22 
<;211.-> 32 
<212» DMA 
<213> Onknown 
<220> 
<221> CDS 

<223> Oligonucleotide kava.fi (degenerate sense primer) 
<«»> 23 



gtn get get gt* rtn ccw wsn twt aay gar ga 



<210» 23 
<Zll> 29 
<212> Dm 
<2Xi> unknown 
<220> 
<221> CDS 
<223> 

<223» Oligonucleotide KAVOFJ. {degenerate sense primer} 
<40O> 23 



gen rwt gay ggn wsn wsn i 



1. An isolated <?nr\> i r - > n has at least 
80% identity with SEQ iO NO: 8, 

2. The isolated enzyn l - nan synthase as claimed in Claim 1, which is encoded by a nucleic acid 
sequfm<-t oerrttty with SEQ ID NO: 8. 

3. The isol • i imed in Claim 1 which is encoded by a nucleic acid 
sequence which has between 90% and 99% identity with SEQ ID NO: 8. 

4. The isolated enz> at ill i onan synthase as claimed in Claim 1, which comprises the amino acid 
sequence of SEQ ID NQ: 7. 
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5. The isolated en;/ t ! t s hyaluronan synthase as claimed in Claim 1 , which consists of the amino acid 
sequence of SEQ ID NO: 7. 

6. The is s/a hyaluronan synthase as etaimed in any one of Claims 1-5, which is a chiorella 
s virus polypeptide. 

?. The isolated en-, f ica tct c nan synthase as claimed in any one of Claims 1 -6. which is a Paramecium 

bursaria chiorella virus polypeptide, 

8. An isolated nucleic acid segment encoding the enzymatically-aetive hyaluronan synthase as claimed in any one 
of Claims 1 -7, 

9. The nucleic acid segment as claimed in Claim 8. which has the sequence of SEQ ID NO; 8. 

10. A recombinant vector comprising the nucleic acid segment as claimed in Claim 8 or 3, wherein the recombinant 
vector is a plasmid. 

11. A recombinant vector comprising the nucleic acid segment as claimed in Claim 8 or 9, wherein the recombinant 
vector is a replicating or integration plasmid, cosmid. phage, or virus vector. 

SO 

12. A recombinant host cell comprising the recombinant vector as claimed in Claim 10 or 11 , wherein the host cell 
produces hyaluronic acid. 

13. The recombinant host cell as claimed in Claim 12, further comprising at least one precursor gene found in a bio- 
2$ synthetic pathway of hyaluronic acid. 

14. The recombinant host cell as claimed in Claim 12 or 13, wherein Hie host cell is a Bacillus, £. Cofc Lactococcus, 
Streptococcus^ or Enterococcus host. 

3<? 15. The recombinant host cell as claimed in Claim 12 or 13, wherein the host cell is Bacillus subtilis. 

1$. A method for producing a hyaluronic acid polymer, comprising 

(a) growing the recombinant host cell as claimed in any one of Claims 12-1 5 in a medium to secrete hyaluronic 
35 acid; and 

(b) recovering the hyaluronic acid. 

17. The method as claimed in Claim i s, wherein the step of recovering the hyaluronic acid further comprises the step 
of extracting the secreted hyaluronic acid from the medium 

40 

18. The method as claimed in Claim 17, further comprising the step of purifying the extracted hyaluronic acid. 
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$Bp$: C A C A 



Fig.1 
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seKAS 
spKRS 
huKAS 
xiBAS 

cvRAS 
seKAS 
spHAS 
huHAS 
XlHAS 



spftAS 
xlHAS 



tiG—KNtIIK VSWYTHTS- SL lAVGCASLlS J* 

BftTl.KNS.IT V VAFStFwvjij I— — - 

TOXFKKTEI V ESFIFEXSIH I- 

HHCERFtCIL. RI — -IGTTE FGVSIJ3 MnTAAglVG S3 

KK-EKAASTB ElPECIPKDt, EPK.HPTEWRI lYYSFGWLji ATtTAA 

HKIALST— I 

YEFGAKG 

YEFGT-S 



spHAS 
huHAS 
xlKAS 



seKAS 
spKAS 
huKAS 
XIHAS 

cvHAS 

spMAS 

KiMftS 

CVHAS 
seHAS 
spHAS 
ftuHAS 

cvHAS 
S«HAS 
sp«AS 
hoKAS 



IFV FGFFEAQVLF SELfc'RXRLRK WISERPKGtW 
U. lAYUAfKMSl, SFf-YKPFKG 8— ACQ--V 
£E ITYLVIKLGS. SFt,-YEPFKC K— -PHO-- Y 
A51H,IIQSI<F &FEEHR8MKK SUBTFIK— t. 
FSLCLYCLAX ttHLMHOStr WEEIPRVMK S-EtPCS— F 

EsgBPYMFgK CgESVHCStig GHVA-REIC$ iSSdeewokr 
MlJil£Sl.UTv".,«r! 1 PE E- tT ;,• WGSAOETGI 

&?h£drf.slle tsk^veaqtb pess— ivi}j ocwssktbat 
sqedpoyl.rk ckq'svkhl'jS pg — xkwmw iBSnseddey , 

goEBPEYLtK G^CKYVKg PKOKLKtnJg ifesTeoiMlY 





HAAVYKMYt! ON — IKK 

KR IEOYVHO TGDESSHVtV HRSEKBQGKK HO 

01, lEEYVjm EVDtCRUVtV HRSMWKGKR 139 

MKDlFSEVtiG ROKSATYtWK HHFHE-KCPC ETDES HKESS 148 

HMEMEKtWrK GEDVGTYVWK GKYKTVKKPE ETRKGSCPEV SKPLWEDEGI 19S 

RIOSOF S WMCVlfiPHR GKRECEYTGE OEAKKOPSTO AVYJ.0 

E— RSE-ADV- FETV- 
E--RSOADV- FETV- 
R — AEGftSVD 
0--AIGTSVO 

T -OTI.ES LEV A 

ROTNELTRET B_ - 

RQTfiEETRET DJ BJoKKgc' 

. „.. ., ., t KYDSHISFES SV^W^MI ... 

KVESSKOMYG AV'GGDVRIiii PrDSFiSFMS SER^SKAgHV 294 

t vccvggkDca £kh>i:k£xk cp«isS«S£.5 QKcrtfSjp&H m 

JSVTGM ILVCSGPlisV MtREWVPHt CnTINQTlXG I fVSICKOBC ZSi 
AAC$ H &t jtRRBVtlPI Pi J.t.t at ' 261 

rRACC GC VaCISSt- *R»5EEKEt DWYHQEIFMG KOCSFpDDR 
ERACgSYFOC VSCISCwJgM I'fttWttQVFt, EAMYRftKi-EG TYWIASggH 

^EIW.RCK KWFTSTAVG KSDS&rSVfR 
SjYATDEG- KTVYQSTAKC 1TDVS|SKMS? 

RTVYQSTARC. RTDVfFQLXS 
I ATKYTRRSKC ETETFJEYER 
f RTKYTHKSRA FSETgSEYER 

iStAFECLYQ ITYFFEVIYL- FSRLAVEADP RAOTMVIVS i 

KKIKNNPFVA tSrmSVSKF MHi,VYSWt>F FVGMVBEftJt* t&VLAFEVII 3 

KKtESMPIVA L^JtI STBVVKF HHLIVAIGNE iF»KJAIOEOL IELFAFESII 3 

KWFKKHK^ LWTYEAIIT GfFPrFl-lAT VIQEFYRGKI WSILLrttTV 4 

QWWIJtKK— - IKMTY&WS FIFJFPITAT VIREIYAGTI WSWWEEliCI < 

TTVAHtKCGY FSFRAKDIRA FYFV-E?TFV. YFrCMtgARI TAfSH^EMDIG < 
FIVftBcRNIH YH— EKKPES FLESPF&VL HEFVLOgEKL YSEFRIR8A0 < 
riVAgCRNVH YM— VKHPAS FEESPlVgIL KLFVL0PLK1. YSEC|«CHTE .. 
OEVGpKSS- FASCERCNJV MVFfSSEYSVL YHS5LL?AKH FAtATXHKAG • 
OIKS§FKSI- YACWLRGNFI »LEMSE£S«E Y«TGLEg£KY FAEEJEKKTG ■ 

S0?RGG«ERP SVGT?.VAt«A KOYLIAYKKW AAWGAGVXS 1VBK«MFD«N ! 

HC^ RKK E — L« 

ff(|„.- P ^K V~ T JFK* 

WGT5G--RKT IWNFJGE IPVSWF TSEEGGV1 FT IYKESARPFS 

KGJSG- ^K IVGHYMPI— — tP£5I«ft AVECGGVGYS tYMDCOSIOWS 

tSYR FALVGIC-SY IVFIVIVtW YFTGKITTWN FTKMJKEI.IE 

ES-KOTVLtv GTEEYAC YHVWEETE YV-^VEIMK CGSRKKGOOY 

TPEKOKEMY- «-Hl,ttCCVCY VMY«VIHAVM YW---VWVKR CCR-KRSOTV 




FIG. 2 
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FIG. 3 
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SIZE DISTRIBUTION OF HYALURONAN 
PRODUCED BY DIFFERENT ENGINEERED 
STREPTOCOCCAL HAS ENZYMES 
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. «tS(09 aa cattsaaaaacctcataaet^ttgtggcctttegtattttttgggtactgttfatttacgtcaat 72 

gtttatctctttggtgcteaaggaagcttgtcaatttatggctttttgctgatttgcttacctattagtcaaa 144 

atgtccttatcctttttttacaagccatttaagggaagggctgggcaatataaggttgcagccattattccc 216 

^cttafcaacgaagatgctgagtcattgctagagaccttaaajsiagtgttcagcagc&aacctatcccctagca 268 
sal -+ 

gasatttatgttgttgacgatggaagtGCTGATGAG&C^<»mTrAAGCgcattgaagact^tgtgogtgac 3go 

actggtgacctatcaagcaatgtcattgttcatcggtcagagaaaaatcaaggaaagcgtcatgcacaggcc 432 

sespl -> 

tgggcctttgaaagatcagacgctgatgtctttttgaccgttGftCnms&TACXXATATCTA.ccctgatgc:t 504 

ttagaggagttgttaaaaacctttaatgacccaactgtttttgctgcgacgggtcaccttaatgtoagaaat 57 S 

agacaaaccaatctcttaacacgcttgacagatattcgctatgataatgcttttggcgttgaacg&gctgcc 648 

caatcogttacaggtaatatccttgtttgctcaggtccgcttagcgtttacagacgcgaggtggttgttcct 720 

aacatagatagatacatcaaccagaccttcctgggtattcctgtaagtattggtgatgacaggtgcttgacc 792 

aact&tgcaactgatttaggaaagactgtttatcaatccactgctaaatgtattacagatgttcctgacaag 864 

atgtctacttacttgaaggsgcaaaaccgctggaacaagtccttctttagagagtccattatttctgttaag 936 

aaaatcatgaacaatccttttgtagccctatggaccatacttgaggtgtctatgtttatgatgcttgtttat 100$ 

tctgtggtggatttctttgtagGCAATGTCAGA<^l^G& l rtggctcagggCtttagcctttCtggtgatt: 1080 

atctteattgttgccctgtgtcggaacattpattacatgcttaagcacccgctgtccttcttgttatctccg 1152 

ttttatggggtgctgcatttgtttgtcctacagcccttgaaattatattctctttttactattagaaatgct 1224 
+~ aesp2 

gacTOKWRACACfSTWVAAXattattataa 12 s4 



FIG, 14 
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